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PREFACE 



The Rockwell R6500 Microcomputer System corobincB the best features of 
secotiU-generation microcomputers into a product line that is a leader in both 
price and performance. A growing array of products and a unique microprocessor 
(CPU) family provide the R6500 System user with answers to the most complex 
tnicrocomputer design problems confronting today's prugraotraers and designers. 

Integrated circuit fabrication techniques have moved tuiccocomputers to the 
forefront of complex, sophisticated components. The R6SUU System benefits from 
an advanced but proven Integrated circuit process technology which is directly 
responsible for the high-performance characteristics obtainable in the single- 
supply, 5-volt usage of the R650O System. 

The N-channel, silicon gate circuit technology which is applied throughout 
the R6500 System is further enhanced by use of "depletion Loads,*' to provide 
greater speed, lower power, and smaller chip size than previous processing 
approaches. Ion implantation techniques are basic elements In providing 
control and stability of all processing parameters necessary to achieve the 
electrical characteristics of the R6500 product line. These characteristics 
provide a price/performance combination which establishes the K6500 family as 
the product offering best meeting the economic and technical demands of today's 
system designs. 

A word of explanation is in order regarding the R6500 Microcomputer 
System's microprocessor (CPU) "family" concept, since It is around this family 
that the R6500 System is built. 

The K650O System's microprocessor (CPU) family includes a series of 8-bit 
devices which offer the customer a wide range of options and capabilities. 
For the single-application customer, a varied selection of devices is at his 
disposal in choosing the one which best meets his specific needs. The "micro- 
processor family" concept has an even greater impact on the user who has a 
variety of applications ^ each of which can best be served by a specific 
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member of the family. It Is important to this user that all of the 
different microprocessors he selects maintain compatibility — both hardware 
(from the standpoint of bus and electrical specifications) and software. The 
R6300 System product line offers the first microprocessor (CPU) family to 
achieve such a level of Compatibility because It was indeed conceptualized 
as a totally software and hardware compatible family of microprocessors (CPUs) 
offering a range of performance options from which the designer can select. 
The R6502 and R6312 are the two AO-pin members of the family, each offering 
65K bytes of addressable memory. The R6S03 through R6507 and R6313 through 
R6315 are 28-pin versions with various options of addressing capability and 
control functions from which to choose. 

The R652X Series represents Peripheral Input/Output devices» the first 
being R6320 which is a direct replacement for the Motorola MC6820 Peripheral 
Interface Adapter (PIA). The second device of this series is the 6522 Versatile 
Interface Adapter (VIA). Subsequent members of this series will Include 
devices with expanded I/O capabilities. 

The R633X Series represents combinational devices — those consisting of 
various tradeoffs in RAM. ROM, 1/0, and Timing. The first of these is the 
R6530 which contains IK bytes of ROM, 6A bytes of RAM, an Interval Timer 
and 16 I/O lines. The second is the R6532 RAM/lO/Tlraer with 128 bytes of RAM> 
an Interval Timer and 16 I/O lines. Subsequent products In this series will 
provide the customer with different combinations and new implementations of 
I/O, Timing and Memory. 

All of the R630O product-line subsystems utilize the same fabrication 
techniques and meet identical electrical specifications. With this family 
of compatible products at his disposal, today's designer has available the 
elements necessary to develop a system configured to meet the most demanding 
tasks. 

The R6500 family is compatible with standard Random-Access Memories 
(RAMs), including the 2102, 2111, 2114 and the 2115. 

To allow for minimum I/O cost and maximum user flexibillLy, all of the 
R6500 products are compatible with the M6800 bus structure. 
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MICTION 1 



THE R6500 MlCiMKIOMPUTER SYSTEM 



The past several years have seen the development of an exciting new 

concept in electrical design. The microconiputer started out as a relatively 

•lMpI«, diff icuit-to-use prograamable device capable of handling simple control 

or computational problems. However , it has since matured into a powerful, 

inupenaive, easy-to-use device capable of controlling all but the most 
coaplcx of systems. 

Conventional system design is rapidly being revolutionized by the 
COaponeaC that forms the heart of the microcomputer — the large-scale, 
•iaglo-chlp progrannable microprocessor (CPU). Three primary attributes of 
l^croprocessor-based systems are bringing about this revolution: 

1* Microprocessors allow a significant reduction in overall systems 
cost for products currently in production. Re-deslgn of products 
around the microprocessor is permitting many manufacturers to 
develop or maintain a price advantage over competitors. 

2t The reduction in cost of microcomputer systems is opening up vast new 
narketa for microprocessors. A great number of systems which were 
•imply impossible or were at best impractical, are being designed and 
marketed today using the modern, low-cost microprocessors. 

3. At the same time that the price of microprocessors is dropping, their 
capability is rapidly expanding, thus allowing them to be designed 
Into more systems than ever before. 

Anyone contemplating a new design or trying to reduce cost In an existing 
4«tgn nust first ask himself if a microprocessor will solve his problem. 
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The success of the microprocessor Is based on the fact that It permits the 

design engineer and programmer to apply their expertise In solving a multitude 

of design problens using cost integrated effective circuits. A small number of 

large Integrated circuits can be configured to solve design problems from the 
simplest to the most complex. 

If the same integrated circuits are employed to solve a multitude of 
unique designs, the first question one must ask 1$, "What makes t)ie designs 
unique?" The answer is: Programming . Although many different designs may 
share common hardware* each has its own unique program. This brings us to 
another very important characteristic of microcomputers. The Integrated circuit 
which makes each system unique is the "Read-Only Memory" (ROI) which stores the 
system program. It is relatively easy for the Integrated circuit manufacturer 
to establish the particular pattern which uniquely defines the data in a ROM. 
As a result, the typical charge for "designing" a ROM is generally less than 
101 of the cost of designing a totally custom logic chip. Further, the 
user benefits from a high-volume standard product which is still unique for 
his own application due to the "customization" of one element of his system. 

It will probably surprise many designers, approaching the subject of 
microcomputer design for the first time, to discover that designing a sys- 
tem around a microprocessor Is much the same as designing around conventional 
logic. The total approach is the same; the process differs only In the 
Implementation of each step. 

A brief examination of the system design process will help to put micro- 
computer design In perspective and will also assist in clarifying the purpose 
of this manual. One can expect to perform the following steps In designing 
a microcomputer system: 

1. Define the requirements of the system. What functions should it 
perform? 

2. Define basic system components. 

3. Complete design details. 
^. Build and test prototypes. 

5. Finalize design and begin production. 
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Step 1 is true for any sysLem and. In general* for any product. Step Z 
Is the first point of departure for microprocessor-based designs. It is at 
thlA point that the designer must consider the possibility of using a micro- 
processor In his system. For the very cost-sensitive application he must look 
very carefully at total systems cost. Can a microprocessor do the job within 
the price constraints imposed? At the other end of the design spectrum, the 
•yatea designer must evaluate the capability of microprocessors to assure 
himself that the available devices can in fact perform the required function. 
UllX a microprocessor be fast enough to run the system? Will the system 
require more than one processor? 

The purpose of this manual is to teach the designer how to effectively 
configure a microprocessor-based system and to evaluate the performance of the 
system. After this step, the design will be completed by development of the 
system program. Impleroentailon of the system program is discussed in the 
Program Manual. 

/./ iNiHotyucnoN ro MiawcoMrun n srsnMS 

1.1-1 Organization of a Microcomputer System 

Figure l-I illustrates the basic organization of a microcomputer system. 
It is important that the designer understand the operation of each component 
as well as the operation of each data path in the system. Each of these is 
discussed separately below* In addition, the following discussion describes 
the Operation of the overall system and the use of the various signal paths, 

1.1.2 Basic Operation 

The microcomputer is a system which can be characterized as very simple 
In its detail and very complex In its overall operation. It carries out 
rather complex tasks by performing a largo number of simple operations. 
Control of the system is primarily the responsibility of the processor. By 
putting out addresses to program memoryt it controls the sequence of operations 
performed, and by Interpreting and executing the instructions which it receives 
from the program memory It controls the actual operations carried out by the 
system. The processor Is by far the most complex device in the system. For 
this reason. It is Important to overall system cost that this part stay the 
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sane for nany different applicacions. In thl» way, the relatively high 
development cost can be shared by thousands of users. In addition, chose 
thousands of users can all benefit frosi the economics of large-scale production. 

The processor causes the system to perform the desired operations by 
reading the first instruction in the program, and performing the very simple 
task dictated by the specific pattern of bits in this Instruction (referred 
to as "executing" that instruction). It then goes on to the next instruction 
in the program and executes it. This simple operation of fetching an instruc-^ 
tion and executing It is performed over and over, each time on the next 
instruction In sequence. In this way the program Instructs the processor to 
bring about the desired system operation. 

1.1.3 Addressing Terms and Concepts 

Before entering into a detailed discussion of the system operation. It 
would be useful to define a few terms and to Introduce a few concepts concerning 

addressing. This should assist In an understanding of the detailed discussions 
which follow. 



BIT 

The term "Bit" is a general term referring to anything that can be assigned 
to binary value. I.e., anything that can be given a value of or 1. Thus, an 
eight-bit data bus Is a set of 8 lines which can be assigned a value of logic 
or logic 1. On these lines, the logic values are represented by two different 
voltages or currents. Similarly, a 16-blt binary display can be built with 16 
Individual lamps. The logic 1 is represented by the lamp being on. 

In this text, reference Is made to an d-blt data bus, a 16-blt address 
bus, 4 bits of data, 8-blt registers, etc. In all cases, definition of a bit 
remains the same. 



ADDRESS SPACE 



The concept of an address space Is very useful in understanding mlcrO' 
computer systems. The term "address space" refers to the total set of 
addresses which the microprocessor can generate. For example, if a processor 
had only 4 address lines, it could generate the addresses 0-15 (binary 0000 
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to binary 1111). This would not be adequate tor any microcomputer operation 
and» consequently a the typical processor has between 12 and 16 address lines. 
Since each line can assume a value of or 1» these devices can usually 
address from 4,096 to 65«536 separate addresses. Figure 1-2 contains a 
pictorial representation o£ the address space available in a typical d-blt 
microcomputer with 16 address lines. In addition to the general address space* 
this figure introduce the PAGE concept discussed below, 

THE ADDRESS PAGE 

The concept of a PAGE in memory is very important in 8-bit microcomputer 
systems. The internal organization of an 8-bit processor is around 8-bit 
registers, 8-blt parallel data paths* etc. Most arithmetic operations* logic 
operations* etc. take place on 8 bits of data at a time. Similarly^ the 16-bit 
counter which determines which Instruction Is being executed is actually 
divided into two 8-bit busses. One contains bits 0-7 (low-order address 
bits)* and the other contains bits 8 to 15 (high-order address bits). With 
this in mind, one can think of the address space shown in Figure 1-2 as 
consisting of 256 blocks, each consisting of 236 specific address locations. 
Each of these blocks is referred to as a "PACE" of memory. The high-order 
8-bits of the address (ADH) therefore Indicate in which page the address is 
located* and the low-order 8 bits (ADL) indicate a specific address on that 
page. 

The first page In memory (ADH " 00) is referred to as page 0. The 
next-high-order page (ADH • 01) is referred to as page 1, etc- 

1.1.4 System Components 

The block diagram in Figure 1-1 shows the basic components which comprise 
all microcomputer systems. Each block in the diagram may consist of one or 
more Integrated circuits and* in fact* several functions may be combined Into 
single chips. However* the basic operation of each remains the same. 

CLOCK GENERATOR 

The clock generator produces a continuous waveform which is normally 
used to control all signal transitions within the system. It acts as the 
"heart" of the system. In the typical microcomputer system the address bus 
will change during one half of the clock cycle* and the data will be 
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transferred durinR the second half. In addition to Interpreting the address, 
data and control lines* the processor and support chips must also examine the 
system clock to know when to put out data or when to latch In data generated 
by another device. 

PROGRAM MEMQRY 

The program memory stores th^* sequence of instructions which comprise 
the system program. Like any memory, this unit puts a pattern of I's and 0*s 
on the data bus in response to the address on the address bus input. Each 
unique address selects a set of 8 binary bits and places these data on the 
data bus. Note that it does not matter where the address is generated or 
where the data are used; the memory simply obeys the rule that» given an 
address, it vill put the corresponding B bits of data on the data bus. 

A unique characteristic of most microprocessor-based systems is that 
the program is usually stored in Read-Only Memories (ROKs) . The data are 
stored In a fixed pattern of bits in the memory. Figure 1-3 shows a section 
of a semiconductor ROM. 

Since the data are stored in the physical configuration of the device » 
the data will not be lost when power is disconnected from the chip. In addi- 
tion, it is necessary only to insert the device into its socket to provide the 
system program. The term "Read-Only Memory" refers to the fact that, in 
system operation, it is impossible for the processor to cause data to be 
stored in Che device. The processor can "READ" the data stored in the device 
during Che manufacturing process* "READING" a memory involves the simple 
process of supplying an address to the device to obtain Che corresponding 
8 bits of data on the data bus. 

DATA MEMORY 

For temporary storage of input data, the results of arithmetic 
operations, etc., the microcomputer uses a Read/Write Memory, commonly re- 
ferred to as a RAM (Random-Access Memory), The processor can store data in 
the RAM (called "WRITING" the RAM), or it can read back the data it has 
stored. As in the ROM, each address corresponds to eight memory cells. 
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Portion of Read Only Memory Matrix 

FIGURE 1-3 

dowever^ In a RAM th« data must be placed into the nemory by the processor 
and are stored in cross-coupled latches* Turning off the power to a RAM will 
cause the loss of all data stored there« and the data are said Co be "volatile.** 
Data in a ROM are not lost when power is disconnected from the device and the 
stored data are referred to as "non-volatile". 

"WRITING" data into a RAM Cakes place when Che Wrlte-Enable signal goes 
to the write state. At this time the data on the data bus will be stored 
into Che eight nemory cells corresponding to the address on the address bus. 
The processor can READ this same data by supplying the proper address and 
keeping the Write-Enable line in the Read state. 

INPUT/OUTPUT DEVICES 

The Input/Output Devices are the circuits which interface the printer, 
keyboard, dieplays, etc. to the processor. These allow the processor to read 
data from the keyboard, to test the state of sensors and switches, and to 
display or to print the results of internal operations. 



No matcer where data are generated, they must be, in the form of X's and 
0*8 before the processor can work with them. Slmilarlyt actions to be initiated 
by the processor must be triggered by I's and 0*s transferred by Che processor 
to a set of output lines. 

The transfer of data from the processor to an output device Is usually 
accomplished by "WRITING" the data out in much the same manner as the pro- 
cessor writes data into RAM. Each set of 8 Input or output lines (referred 
to as "PORT") is given an address, and the processor simply writes data to 
that address. For each "1" written out to the peripheral port an output Is 
set high, and for each "0" the corresponding output is set low. 

Although the basic concept of peripheral control is simple, the actual 
implementation of these interfaces can involve many sophisticated techniques 
designed to allow the processor to maximize its ability to control peripherals 
and perform internal operations concurrently. These techniques are discussed 
in detail in Section 3. 

THE MICROPROCESSOR 

At first glance it may seem strange to discuss the support chips 
in the mlcroprocessor-baaed system before mentioning the processor. However^ 
this approach is necesslCACcd by the f ac C thflt nos C of che inputs and outpu ts 
on the processor are aimed at properly controlling the support chips and 
peripheral devices discussed above. 

The address bus, the bidirectional data bus and the Write-Enable line 
allow the processor to exercise direct control over the rest of the system. 
The address bus puts out addresses to control the source or destination of 
data transfers. These addresses are derived from various sources within the 
processor. During the fetch of instructions from program memory, the 
addresses are usually derived from a counter which controls execution of 
sequential Instructions. Addresses for data transfers between the processor 
and RAM are usually derived directly from the program or are calculated from 
the data in the program and data in Internal registers. 
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The bidirectional dat* bua aerves «• a path for tranaferring data into 
and out oC the proceaaora. The direction of the data tranafer la determined 
by the WrlCe-Enable line. 

Another special function found in aodarn Bicxocottputer ayatena ia the 
interrupt* This function allowa the peripheral devices to directly affect the 
operation of the procesaor. When the interrupt signal ia generated, the 
proceaaor usually conpletea Ita current instruction and then, under progran 
control, will respond to the Interrupt. The laportance of this function is 
that it allows the processor to execute the system progran without requiring 
the system program to monitor the statue of the peripheral device. The 
Boftware which handles the operation of each peripheral will be executed only 
vhen required* 

J . 2 INTRODUCTION TO THE R&SOO MICROCOMPUTER S YSTEM 

The Rockwell R6500 akicrocomputer ayatem consists of the 40-pin R6312, 
microprocessor; the 40-pln R5502 microprocessor, which has ciock drivers on- 
chip; and eight 28-pin processors, the R6303 through R6507 and R6313 through 
R65i3. Each of these devices is aimed at a specific range of applications. 
Therefore, it is Important to develop an understanding of the capabilities of 
each and the differences between them. 

The R6512 has application in existing M6800 systems where conversion to 
the R6500 system is to be performed. This processor requires the full high- 
level two-phase clocks of the M6800 system. The R6S02 is expected to find 
application in all new deaigns which require a full 16-bit address bus. 
However, in the small cost-sensitive system, the 28-pin processors can 
represent a savinga both In processor cost and in printed circuit board area. 

1.2.1 The Hlcroprocessors 

The R6502 should be used in all new designs which require the capa- 
bility of the 40-pin processors. The clock drivers can be driven with a 
single TTL level square wave or with the Internal oscillator. The frequency of 
operation of the internal oscillator can be set by attaching an R«-C combination 
to the chip and. If the clock stability is required, by attaching a crystal 
between the oscillator and ground. This feature totally eliminates the 
problems encountered in generating MC6800-type clock signals. 



The R6502 provides a full 16-bit address bus, 8-blt bidirectional data 
bus, and two interrupts. In addltion» the R6502 provides a sync signal which 
indicates those cycles In %«hich the processor is fetching an operation code 
froB program iDeraory. 

Eight 28-pin versions of the processor are available. They differ in 
the number of address lines and the clock generation methods required, the 
nisnber of Interrupts provided. Having all three options available allows the 
designer to tailor his processor to his particular application. 

The R6504 and R6507 provide a total of 13 address pins and can* therefore, 
address a full 8K bytes in its aenory space. The R6304 provides only one 
interrupt request input, IRQ; the R6507 provides a RDY input instead of IRQ. 
The non-maskable interrupt (NHI) is not included in the plnouts of this device. 

The R6303 and R6305 provide one less address line. In the R6503 the 
missing address line is replaced with a second interrupt input. NMI, and in 
the R6505 it is replaced by the RDY signal. All other functions on these 
processors are the same. The details of each of the pins are discussed In 
the following sections. 

The operation of the various busses, control signals, etc. is identical 
on all R630X products, with all processors obeying the system specifications 
discussed In Section 1.2.2. 

The R6313 is the slave (clocks driven in) version of the R6303, the 
R63I4 is the slave version of the R6304, and the R63I3 is the slave version 
of the R6305. 

The R6300 microcomputer system Is organized around two primary busses. 
Each bus consists of a set of parallel paths which can be used to transfer 
binary information between the devices in a system. The first bus, known as 
the ADDRESS BUS, is used to transfer the address generated by the processor 
to the address inputs of the menory and peripheral Interface devices. The 
processor is the only source of addresses in a normal system, so this bus is 
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referred to as "unidirectional." The address bus consists of 16 lines on Che 
R6502 and R6512t allowing those processors to access (READ or WRITE) up to 
a total of 65,636 memory words, registers, etc. In the R6303 through R6507 
and R6512 through R6315 the address bus contains fewer lines; therefore, they 
operate with a smaller "address space." This Is discussed in detail in 
Section 1.1.3. 

The data bus in the R6500 nlcrocoaputer system consists of an 8-blt 
bidirectional data path. These lines transfer data from the processor to 
the selected memory word, etc. during a WRITE operation and from memory 
Into the processor during a READ operation* All data and all instructions 
are transmitted on the data bus. 

The direction of the data transfers is controlled by the READ/WRITE 
(R/U) line on the processor. This line performs the Write Enable function 
described in Section 1.1.4. As long as the R/W line is high (> 2.4V DC), 
all data transfers will take place from memory to the processor (READ opera- 
tion). This line will go low only when the processor Is going to WRITE 
data out to memory. 

w 

As in most microcomputer systems, the timing of all data transfers 
is controlled by the system clock. The clock itself is actually two 
non-o>fer lapping square waves. This two-phase clock system can best be 
thought of as two alternating positive-going pulses. This text will refer 
to the clocks as "Phase 1" and "Phase 2." A "Phase 1" clock pulse is the 
positive pulse during which the address lines change, and a "Phase 2" 
clock pulse is the positive pulse during which the data is transferred. 
The timing of the signals on the Address Bus, Data Bus, and R/W line is 
shown in Figures 1-4 through 1-7. All signal transitions are specified 
with respect to the Phase 1 and Phase 2 clock signals. In particular, the 
address lines and the R/W line will stabilise during Phase 1, and all 
data transfers will take place during Phase 2. 

The specific timing specifications for operating at a l-HHz clock 
rate are also given in Figure 1-4. Note that the sequence oC operations 
will be the same for all processors. However, these timing specifications 
will change for devices which are specified to operate faster than 1.0 MHz. 
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The address is guaranteed to be stable 300 ns after the leading edge of 
Phase 1, and the data must be stable 100 ns before the trailing edge of 
Phase 2. At 1.0-MHz operation, this allows the memory devices approximately 
573 ns to make data available on the data bus. Although there are many 
factors which determine the actual data and address generated within the 
system* it is Important to keep in mind that the basic operation shown in 
Figures 1-5, 1-6 and 1-7 does not change. These figures specify the systes 
bus discipline which applies to all R6300 processors and support chips* 

1.2.3 interrupt Structure 

Through the generation of processor Interrupt signals, the peri- 
pheral devices (printers* keyboards » etc.) can request service from the 
processor. Although this technique Is relatively simple In concept, the 
proper generation and control of Interrupts is one of the most important 
problems which the designer will face* Total system capability can be 
greatly expanded If the processor Is required to execute the peripheral 
software only when it is absolutely necessary. This is the goal of a well- 
planned interrupt structure. The Interrupt structure Is very much a sys- 
tems sophistication problem since the entire system which must pro- 
perly respond to the Interrupt Inputs. In fact, the actual signals to 
which the system must respond are usually applied to the Inputs of a peri- 
pheral Interface device. In this device, the 'interrupts are enabled, dis- 
abled and latched until the interrupt is processed. The peripheral inter- 
face device generates signals which meet the requirements of the processor 

Interrupt inputs. 

There are two interrupt input lines to the microprocessor, IRQ 

(Interrupt Request) and NMI (Non-Maskable Interrupt). 

Since the requirements of the two Interrupt Inputs differ, they will 
be discussed separately below. The response of the processor to these in- 
puts is very similar, however, after the interrupt is recognized. For this 
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rcaaon^ the Internal operation of the processor during Interrupt servicing 
Is discuseed In the detailed analysis of the processor chip. The present 
section of the aanual concentrates on the system- level considerations which 
are required to assure proper operation of the Interrupt structure. 

APPLICATIONS FOR INTERRUPTS 

One of the Bost Important tasks facing the microcomputer system 
designer is the determination of those signals which will cause processor 
Interrupts and those operations which will take place in response to the 
interrupts* A detailed discussion of these considerations Is included in 
Section 3 of the manual; however, a few examples of Interrupt -driven opera- 
tions will be presented here to help the designer develop an understanding 
for why this technique is used extensively in microcomputer systems. 

Example i — A Fully-Decoded Keyboard 

The problem of data entry is solved in many systems by a keyboard. 
In small systems, the interpretation of the binary code associated with 
each key can be determined by the processor. However, in large data ter- 
minals » the keyboard usually Includes an encoder which generates the unique 
code corresponding to each key. When a key is closed » the corresponding 
code is placed on the output pins and a strobe signal is generated to Indi- 
cate that a key has been pressed. 

The keyboard represents a perfect candidate for Interrupt- 

driven operation. The Interrupts occur relatively Infrequently and the 
operation to be performed is relatively simple. The keyboard strobe line 
la connected directly to an Interrupt Input on a peripheral interface de- 
vice. Each time a strobe signal is generated^ an interrupt occurs, the 
processor reads the data on the peripheral port Into memory, analyzes these 
data» and then returns to the program that was in process. If no keys are 
pressed, the processor spends no time at all in servicing the keyboard. 

Without the Interrupts, the processor would have to read the 
keyboard data into memory periodically in order to detect an active key. 
This operation would be performed about every 30 to lUO ms. In addition 
to detecting an active key, the processor must make sure that each separate 
activation of a key is detected once and only once. (This is discussed 
later in this section.) This software Is much more complex than the 
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simple interrupt routine- Another drawback of non-lnterrupt processing; is 
that the processor is required to spend a periodic portion of its time on the 
keyboard. In many systens, this is not a probleii» but In large terminals, 
etc., the time spent checking for keyboard strobes could be better spent In 
other operations. The designer must, therefore, ask himself if the system 
under development is such that the processor can perform the keyboard strobe 
checking function while still completing its other tasks. 

Example 2 — A Scanned Display 

Although time Is a major factor In determining the necessity of 
interrupts, the interrupt technique can also be extremely useful when per- 
forming parallel operations. A prime example of this can be found in a 
system which contains a digital display and/or printer. 

A digital display Is usually "scanned'* in. such a way that each 
digit Is driven for a short period of time in sequence. The entire display 
is scanned at a rate faster than the eye can detect. However, it should be 
noted here that the display requires scan-related attention from the pro- 
cessor at fixed intervals. It is very difficult for the processor to cal- 
culate repetitive time intervals while it is performing its nonwal system 
program routines. The processor would much prefer to run the system pro- 
gram without consideration for the display time Intervals — only executing 
the display software only when It is required. 

A solution to the above problem is the generation of processor 
Interrupts at fixed Intervals, employing an external counter or clock. Each 
time an Interrupt occurs, the data for the next digit in the display are 
placed on an output port. The processor then returns to the program it 
had been executing. 

Both of the operations described above represent solutions to 
system problems. Events which happen very infrequently, and events which 
Must be performed in parallel with other events or In parallel with the 
main system program, should be seriously considered as candidates for Inter*- . 
rupts. Additional considerations are described in Section 3 of this manual; 
however, it is important to note here that the typical system may have 
several sources of interrupts, each with its own timing and each with Its 
own set of operations which roust be performed in response to the interrupts. 
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INTERRUPT PRIORITIZING 

Afcer a careful analysis of the total system and a determination 
of all the sources of Interrupts, the designer must ask himself, "What hap- 
pens if more than one interrupt source requires attention at one time?" A 
priority level must be established between the various Interrupt sources. 
Which ones must be taken care of vlthin a very short period? Which ones 
can be put off for a while? This prioritizing and the technique for select- 
ing among several concurrent Interrupts is very Important to the system 
operation and should be established early in the system development process. 

The R650X--based system can employ several hardware methods of 
determining the highest- priority active Interrupt. These usually involve 
using a special "prlo^^lty encoder" which allows the processor to go di- 
rectly to the software which services the highest-priority Interrupt. 

After this is complete, it will go to the next higher priority and execute 
that software. However, the R6S0X family provides a much less expensive 

method of interrupt prioritizing — the "polled" interrupt. With this 
technique, each time an active Interrupt source is detected, the pro- 
cessor executes a "polled" interrupt program that Interrogates the highest 
priority interrupt, then the next highest, and so on until an active inter- 
rupt is located. The program services that interrupt and returns to the 
"polled" interrupt program and continues to interrogate the next highest 
priority interrupt until all have been interrogated, or clears the Interrupt 
disable to allow nested interrupts. "Hie "polled" Interrupt program is al- 
ways executed when an interrupt occurs, so that all interrupts that occur 
concurrently will be serviced in order of priority level. 

Several hardware techniques for prioritizing interrupts are dis- 
cussed In Section 3 of this manual. The next section, however, describes 
the system interconnect which allows use of the simple "polled" interrupt. 

SYSTEM INTERCONNECT FOR INTERRUPTS 

In the simple "polled" Interrupt technique for prioritizing inter- 
rupts, the interrupt software actually determines the Kighest-prlorlty 
active Interrupt. The IRQ or NMI interrupt request signals simply cause 
the processor to Jump to the polling software. 

For this reason, it is possible to "OR" the various interrupt 
signals together to form the signal for the processor. Any active inter- 
rupt source will then cause the processor to do the interrupt polling and 
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servicing operation. Provision for generation of this OR function Is 
provided in the R6500 family peripheral Interface devices. Since these 

periplierai <id:ipte rs perform nany of the enabling and latching functions 
necessary for proper lutcrrupt servicing, the peripheral adaptor Interrupt 
output then provides the actual signal which Interrupts the processor. 
These Interrupt outputs can be "wire-OR'd" by connecting them all together 
and then connecting this single line tc the processor. This input should 
Chen be pulled to -^-SV with a resistor. Any one of the interrupt outputs 
on the peripheral adaptors can then pull this interrupt low. This simple 
configuration is shown in Figure 1-8. 

INTERRUPT SERVICING 

Although a great deal has been said previously about the process 
of establishing Interrupts and deten&ining just what happens in response Co 

1 

an interrupt » it would be useful to detail the sequence which takes place 
when an interrupt is recognized by the processor. This will establish a 
basis for understanding of the details of the processor Interrupt inputs* 

An Interrupt request is signaled by a GND (< 0.4V) signal on the 
interrupt request input. This interrupt will be recognized after the pro- 
cessor completes the instruction which It is currently executing. The next 
step is to store enough of the contents of the internal processor registers 
to assure that the processor can resume execution of the program which was 
interrupted. In particular, the Program Counter and the Processor Status 
Register are stored in a series of memory locations specified by another 
internal register, the Stack Pointer. As discussed in Chapter 9 of the 
Programming Manual, saving the contents of the Program Counter and Proces- 
sor Status register uniquely defines, in memory, the state^ of the micro- 
processor at the time the interrupt occurred. The processor then goes to 
two fixed locations in memory to determine the address low and address high 
of the Interrupt software. 

The operation to this point is automatic and is determined by the 
internal processor logic. After the processor has properly set the address 
bus, execution of the interrupt program consnences. Everything which occurs 
subsequently is determined by the syscem software. 

The total interrupt software described above will consist of a com- 
plex combination of polling and interrupt servicing routines. However, unless 
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a hardware prioritizing sclicroc is used, the actual system interconnections 
will not become any more complex than that shown in Figure 1-8. 

INTERRUPT REQUEST (TRQ) 

As stated earlier* the two interrupt lines for the microprocessor 
are IRQ and NMl. The requirements for proper operation of the maskable Inter- 
rupt Request input (IRQ) arc more stringent than for the second interrupt 
input, NMI. This is due primarily to the fact that NMl is edge-sensitive. 
With the IRQ input* the processor will be interrupted any time the signal on 
IRQ is GND (< O.AV) and the internal Interrupt Disable flag is cleared. The 
Interrupt Disable flag (I) is a single bit in the internal Processor Status 
Register. The details of this register are described in Section 3.2 of the 
Progranuning Manual* 

In the processing of interrupt request from the IRQ Input, the I 
flag is extremely important. This is the element which assures that an 
interrupt will be recognized and serviced only once for each request and 
only when an interrupt is desired. This is described in detail below. 

Figure 1-9 details the sequence of operations which should take 
place during the servicing of an IRQ Interrupt. A positive or negative 
transition of the signal from the peripheral device (printer, keyboard, 
etc.) Is detected on the edge-sensitive Inputs to the peripheral iaterface 
device. If the Interrupt Is enabled within the peripheral Interface de- 
vice, the interrupt request output (IRQ) on this chip will go low. The 
interrupt condition is latched within the peripheral interface device to 
allow sufficient time for the processor to poll the interrupt sources, 
assuring that the interrupt signal will not be cleared before the polling 
can be completed. This latch is reset by the processor as it executes the 
software associated with that interrupt. Details of this operation are 
described in Section 2. 

The Interrupt Disable flag (1) is set automatically when the pro- 
cessor recognizes an interrupt, llils assures that this same Interrupt will 
not be recognized again. Resetting this flag can be performed manually 
with an instruction in the program or automatically with a "Return from 
interrupt" Instruction. It is very Important that "I" not be cleared before 
the interrupt Input is reset. Perfoming the "Clear I" instruction too early 
in the program can cause this same Interrupt to be recognized again. The pro- 
cessor will then proceed to service this as if it were a new Interrupt. 
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NON-MASKABLE INTERRUPT (NMI) 

The NMI input to the processor is edge-sensitive. To cause an 
interrupt to occur, there must be a negative transition of the signal on 
the NMI Input. This negative transition will cause a single Interrupt to 
occur. After servicing the interrupt, the processor will ignore this Input 
until the NMI signal goes high (> -f-2»^V) and then back to ground. 

The response to an NMI interrupt signal cannot be disabled witliin 
the processor* After the processor completes the instruction being exe- 
cuted, it will recognize the interrupt and will proceed to service the 

interrupt as described in the previous section. The proper discipline to 
employ in all Interrupts is for the interrupt signal to be latched until 
the processor completes servicing the interrupt. This method of operation 
is assured if all the interrupts are connected to the interrupt Inputs of 
the peripheral interface devices in the family. 

Processing of multiple interrupts in a polled interrupt structure 
requires that all of the interrupts be polled before executing a "Return 
from Interrupt" instruction. TJiis is necessitated by the *'WlRr-nR" tech- 
nique for combining the interrupts, since no knowledge exists of which line 
went CO ground. If one of the interrupts is left unserviced, it will hold 
the NMI signal to ground, disabling the interrupts from all other sources 
since it is necessary for the NMI signal to go high (> 2.4V) and back low 
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again for an interrupt to occur. This is not true for the IRQ input since this 
latch is level-sensitive. Performing a "Return from Interrupt" before all IRQ 
interrupt sources are serviced will simply cause another IRQ interrupt to occur. 

1.2.4 System Reset 

One of the basic system control functions is the system RESET signal. 
Whether this signal is generated automatically by external power-on circuitry 
or manually from a push-button switch, the system components must obey a fixed 
set of rules to assure proper system operation. This is particularly true for 
the peripheral interface devices. 

In the R650X-based systems, an assumption is made that RESET pins on 
all peripheral Interface devices and on the processor will be held low during 
power-on until the supply voltages and- the clocks have stabilized. This pro- 
cedure assures that the peripheral pins will remain in a known state until the 
entire system is initialized and the processor is ready to assume control of 
the output lines, i.e., is ready to run the system program. 

It should be inentloned that In the entire set of microcomputer chips, 
the contents of latches, registers, etc, are totally random after power is 
applied. On the peripheral output pins« random data can be disastrous. The 
only way to force these lines to a known condition is to apply the RESET sig- 
nal. The designer can then make sure that the known condition will not cause 
spurious operations In the peripheral devices. The effect of RESET on the 
peripheral chips is discussed In the analysis of each chip. 

In the processor, the single register which must be placed in a knom 
state is the program counter. This is the register which selects the Instruc- 
tions to be executed. The RESET input causes the program counter to go to 
the first instruction in the system program. The specific details of this 
operation are discussed in Section 2.2.8. 

There is one other very important function performed by the RESET Input 
on the peripheral Interface devices. Although the recognition of the pro- 
cessor interrupt signals is automatic and does not depend on software, the 
sequence of operations performed by the processor to totally service an inter- 
rupt is determined by the program. Until the various internal registers in 
the processor have been initialized, the processor is not ready to respond 
properly to any external interrupts. For this reason, it is important that 
the system RESET disable all external interrupt signals until they are enabled 
by the processor. The programmer can then make sure that the system has been 
properly initialized before the interrupts are enabled. 
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SECTION 2 



TH£ MICROPROCESSOR FAIVULY 

2 J FUNCTiONAL FEATURES 

The microprocessors in the R6300 family have very similar internal 
architectures. A block diagram of the basic architecture is shown in 
Figure 2-1. This section of the manual begins with an analysis of this block 
diagram, discussing the function of the various registers, data paths, etc, 
A detailed discussion of the operation of the various pins on the chip 
fallows. 

The internal organization of the processor can be split into two 
sections. In general, the instructions obtained from program memory are 
executed by implementing a series of data transfers in one section of 
the chip (register section). The control lines which actually cause the . 
data transfers to take place are generated in the other section (control 
section). Instructions enter the processor on the data bus, are latched 
into the instruction register, and are then decoded along with timing sig- 
nals to generate the register control signals. 

The timing control unit keeps track of the specific cycle being 
executed. This unit is set to "TO" for each Instruction fetch cycle and 
is advanced at the beginning of each Phase One clock pulse. Each instruc- 
tion starts in TO and goes to Tl , T2 , 13, etc. for as many cycled as are 

required to complete execution of the instruction. Each data transfer, 
etc., which takes place in the register section is caused by decoding the 

contents of both the instruction register and the timing counter. 

Additional control lines which affect the execution of the instruc- 
tions are derived from the Interrupt logic and from the Processor Status 
register. Tlie Interrupt logic controls the processor Interface to the 
interrupt Inputs to assure proper timing, enabling, sequencing, etc. which 
the processor recognizes and services. 

The Processor Status register contains a set of latches which 
serve to control certain aspects of the processor operation, to indicate 
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tlie rp»ulL3 of processor ar it time tic and logic operations , and to Indicate the 
status of tlatJ either generated by the processor or transferred Into the 
processor from outside. 

Since the real work of the processor is carried on in the register 
section of the chip, a detailed study will be made of this section. The 
components are: 

• Data Bus Buffers 

• Input Data Latch (DL) 

• Program Counter (PCL, PCIl) 

• Accumulator (A) 

• Arithmetic Logic Unit (ALU) 

• Stack Pointer (S) 

• Index Registers (X, Y) 

• Address fius Latches (ABL, ABH) 

• Processor Status Register (?) 

At 1 MHz, the data which come into the processor from the program 
memory^ the data memory, or from peripheral devices, appear on the data 
bus during the last IOC ns of Phase 2. No attempt is made to actually 
operate on the data during this short period. Instead, It Is simply 
transferred into the input data latch for use during the next cycle. 
The data latch serves to trap the data on the data bus during each Phase 
2 pulse. The data can then be transferred onto or.e of the internal busses, 
and from there into one of the internal registers. For example, data being 
transferred from memory into the accumulator (A) will be placed on the in- 
ternal data bus and will then be transferred from the Internal data bus 
into the accumulator. If an arithmetic or logic operation is to be per- 
tormed using the data from memory and the contents of the accumulator, data 
in the input data latch will be transferred onto the internal data bus as 
before* From there it will be transferred into the ALU. At the same time 
the contents of the accumulator will be transferred onto a bus In the reg- 
ister section and from there Into the second Input to the ALU. The results 
of the arithmetic or logic operation will be transferred back to the accumu- 
lator on the next cycle by transferring first onto the bus and then into 
the accumulator. All of these data transfers take place during the Phase 1 
clock pulse. 
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The program counter (PCL, PCH) provides the addresses which step 
the processor through sequential Instructions In the program- Each time 
the processor fetches an instruction from program memory, the contents of 
PCL are placed on ^the low-order 8 bits of the address bus and the contents 
of PCH are placed on the high-order 8 bits. This counter is Incremented 
each time an instruction or data is fetched from program memory. 

The accumulator is a general-purpose 8-bit register which stores 
the results of most arithmetic and logic operations. In addition* the accu- 
mulator usually contains one of the two data words used in these operations » 

All logic and arithmetic operations take place In the ALU; this 
Includes incrementing and decrementing of internal registers (except PCL 
and PCH). However, the ALU cannot store data for more than one cycle: If 
data are placed on the inputs to the ALU at the beginning of one cycle, the 
result Is always gated Into one of the storage registers or to external 
memory during the next cycle. Kach bit of the ALU has two inputs. These 
inputs can be tied to various Internal busses or to a logic zero; the ALU 
then generates the SUM, AND, OR, etc, function using the data on the two 

inputs. 

The stack pointer (S) and the two index registers (X and Y) each 
consist of 8 simple latches. These registers store data which are to be 
used in calculating addresses in data memory. T\\e specific operation of 
each of these Is discussed in detail In the Programming Manual. 

The address bus buffers (ABL, ABH) consist of a set of latches and 
TTL compatible drivers. These latches store the addresses which are used 
in accessing the peripheral devices (ROM, RAM, and 1/0). 

2-1.1 Functional Features of 28-Pin CPUs 

Table 2-1 simraarixcs the functional features of the R6503 through 
R6507 and R6513 through R6513* The operation of each function Is exactly 

the same as on the R6502. 

Figure 2-2 summarizes the pin designation for the eight processors, 

indicating the tradeoffs that exist between control signals and addressing 
capability due to pinout constraints. Like the R6502, five of the 28 pin 
microprocessors also have the on-the-chip oscillator and clock drivers. 
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2.2 SiGNAL UNE5 

Figure 2-2 summarizes the pinouts of the R650O CPU's. These pins 
and their uses in microcomputer systems are discussed separately below. 

2.2.1 Address Bus (AB00-ABi5) 

The address bus buffers on the R6500 family of microprocessors are 
push/pull type drivers capable of driving at least 130 pf and one standard 

TTL load. 

The address bus will always contain known data as detailed in 
Appendix A. The addressing technique involves putting an address on the 
adress bus which is known to be either In program sequence* on the same 
page in program memory or at a known point in RAM. A brief study of Appen- 
dix A will acquaint the designer with the detailed operation of this bus. 

llie various processors differ somewhat in the number of address 

lines provided. In particular, the R6304y R6507 and R6514 provide 13 

address lines (ABOO - AB12) and the R6303, R6505, R6506, R6513 and R6315 

provide 12 address lines (ABOO ~ ABll). This total address space should 

prove to be more than sufficient for the small, cost-sensitive systems 

in which these devices should find their greatest application. 

The specific timing of the address bus is exactly the same for 

all the processors. The address Is valid 300 ns (at 1 MHz clock rate) into 
the 01 clock pulse and remains stable until the next 01 pulse: this speci- 
fication will change only for processors which are specified to operate at 
a higher clock rate. Figure 2-3 details the relationship of address bus 

to other critical signals. 

Because of the reduced number of address lines on the 28-pln 
processors, it is possible to write a program which attempts to access non- 
existent memory address space, i.e., the address bits 13, 14, or 15 set to 
logic "1." These upper address bits in the program will be ignored and the 
program will drop into existing address space. This assumes proper memory 
nanagement when using devices of large addressing capability such that the 
addressed memory space will fit within the constraints of a device with 
smaller available memory addressing capability. 
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2*2.2 Data Bus (DSO-DB?) 

The processor data bus Is exactly the same for the processors 
currently available and for the sof tvare-compatlble processors which will 
be Introduced In the near future. All Instructions and data transfers be- 
tween the processor and memory take place on these lines. The buffers driv- 
ing the data bus lines have full "three-state" capability. This is neces- 
sitated by the fact that the lines are bidirectional. 

Each data bus pin is connected to an Input and an output buffer* 

with the output buffer remaining In the "floating" condition except when 

the processor is transferring data into or out of one of the support chips. 

All Inter-chip data transfers take place during the Phase 2 clock pulse. 

During Phase 1 the entire data bus is "floating." 

The data bus buffer is a push/pull driver capable of driving 

130 pf and one standard TTL load at the rated speed. At a 1-MHz clock rate^ 

the data on the data bus tiust be stable 100 ns before the end of Phase 2. 

This Is true for transfers In either direction. Figure 2-3 details the 

relationship of the data bus to other signals. 

2.2.3 Read/Write (R/W) 

The Read/Write line allows the processor to control the direc- 
tion of data transfers between the processor and the support chips. This 
line is high except when the processor is writing to memory or to a peri- 
pheral Interface device. 

All transitions on this line occur during the Phase 1 clock 
pulse (concurrent with the address lines). This ailows complete control 
of the data transition which takes place during the Phase 2 clock pulse. 

The R/W buffer Is similar to the address buffers. They are 
capable of driving 130 pf and one standard TTL load at the rated speed. 

Again, Figure 2-3 details the relative timing of the R/W line. 

2. 2. A Data Bus Enable (DBE) 

On the R63J2, a data bus enable signal is provided to allow 
external enabling of the data has. This line is connected directly to the 
Phase 2 input clock signal for any normally operating system and is detailed 
in Figure 2-3, 
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The OBK signal affects only the data bus buffers. It does not 
affect processor timing and has no effect on the address or the R/W lines. 

This input is provided primarily for use in systems which use 
non-R65U0 devices for either the mewory or the peripheral interface func- 
tion.s. In particular, it allows the data bus to be enabled for a period 
longer than the Phase 2 clock pulse for systems requiring greater proces- 
sor hold time on the data bus. This application is covered in greater de- 
detail in Section 3. 

2.2.5 Ready (RDY) 

The RDY input delays execution of any cycle during which the RDY 

line is pulled low. This line should change during the Phase \ clock 
pulse. This change is then recognized during the next Phase 2 pulse to 
enable or disable the execution of the current internal machine cycle. 
This execution normally occurs furing the next Phase 1 clock; timing is 

shown In Figure 2-3. 

The primary purpose of the RDY line is to delay execution of a 
program fetch cycle until data are available from memory. This has direct 

application in prototype systems employing light-erasable PROMs or EAROMs . 
Both of these devices have relatively slow access times and require imple- 
mentation of the ROY function if the processor is to operate at full speed. 

Without the Rt>Y function a reduction in the frequency of the system clock 

would be necessary. 

The RDY function will not stop the processor in a cycle in which 

a WRITE operation is being performed. If the RDY line goes from high to 
low during a WRITE cycle the processor will execute that cycle and will 
then stop in the next READ cycle (R/W »= 1), 

2.2.6 Non-Maskable Interrupt (NMl) 

The NMl Input, when in Che interrupted state, always Interrupts 
the processor after it completes the instruction currently being executed* 
This interrupt is not "maskable" — i.e., there is no way for the processor 

to prevent recognition of the interrupt. 

The mi input responds to a negative transition. To interrupt 
the processor, the NMl input must go from high (> +2.AV) to low 
(< +0.4V). It can then stay low for an indefinite period without affecting 
the processor operation and without another interrupt. The processor will 
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not detect another interrupt until this line goes high and then back to low. 
Tlie NHr signal must be low for at least' two clock cycles for the interrupt 
to be recognized, whereupon new program count vectors are fetched. 

2,2,7 Interrupt Request (IRij) 

Tlie interrupt request (IRQ) responds in much the same minner as 
MMI. However, this function can be enabled or disabled by the Interrupi: 
inhibit bit in the processor status register. As long as the 1 flag (inter- 
rupt inhibit flag) is a logic 1, the signal on the IRQ pin will not affect 
the processor. 

The IRQ pin is not edge-sensitive. Instead, the processor will 
be interrupted as long as the I flag is a logic "0" and the signal on the 
IRQ input is at GND- Because of this, the IRQ signal must be held low un- 
til it is recognized, i.e., until the processor completes the instruction 
currently being executed. If I is set when JRQ goes low, the interrupt will 
not be recognized until I is cleared through software control. To assure 
that the processor will not recognize the interrupt more than once, the I 
flag is set automatically during the last cycle before the processor begins 
executing the Interrupt software, beginning with the fetch of program count. 

The final requirement is that the interrupt input must be 
cleared before the I flag is reset. If there is more than one active 
Interrupt driving these two lines (OR'ed together), the recommended pro- 
cedure is to service and clear both interrupts before clearing the 1 flag. 
However, If the interrupts are cleared one-at-a-time and the I flag is re- 
set after each, the processor will simply recognize any interrupts still 
active and will process them properly but more slowly because of the time 
required to return from one interrupt before recognizing the next. If the 
procedure recommended above is followed, each interrupt will be recognized 
and processed only once. Figure 2-4 provides several examples of inter- 
rupts, microprocessor recognition of each interrupt (IRQ and NMl) , and pro- 
cessor selection of interrupts during overlapped requests. 
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Examples of Interrupt Recognition by R6300 

FIGURE 2^ 



Each major event affecting the microprocessor is numbered in 
Figure 2-4, and the correspondingly numbered explanations for each are 
given below. 

Event 

Number System Acttvlty 

1. Processor is executing from main program and IRQ goes 

to low state. 

2. Upon completion of current instruction, the processor 

recognizes the interrupt, stores the contents of PC 
and P onto the stack and then sets I during the fetch 
of the interrupt vector, 

3. After servicing the interrupt, IRQ ^should be reset 

before resetting the interrupt mask bit to avoid 
double interrupting. 

4. Before the processor resumes normal main program exe- 
cution the interrupt mask bit will be reset low. 



5. NMI now goes low, signalling a non-maskable interrupt 

request . 



The NMI interru£t_is recognized and serviced in the 
same manner as IRQ. 
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Numb e r System Activity 



7. The processor has re.<;(iincd normal operation when NMl 

again goes low requesting an interrupt. 

8. The interrupt mask bit is set high in response to 

the NHI request. 



9. Here IRQ has gone low to signal an _jLnterrupt request. 

This request is Ignored since the NMF interrupt is 
being serviced and the interrupt mask is set. 



10. The interrupt mask, bit is reset after servicing the NMI 

interrupt. 



11. The processor is now able to recognize the IRQ signal , 

which is still low, and does so by setting the inter- 
rupt mask bit . 



12. During the servicing of IRQ, NMl goes from high to low. 

The processor then^ompletes the current I nst ruc tio n 
and abandons the IRQ interrupt to service KHI . MMI 
is serviced regardless of the state of the Interrupt 
mask bit. 



13. After completing the NKI interrupt rout_ine, the pro- 

cessor wil l resume execution of the IRQ routine, even 
though IRQ has subsequently gone high. 



2.2,8 Reset fRES 



The RES line is used to initialize the microprocessor from a 
power-down condition. During the power-up time this line is held low, and 

writing from the microprocessor is inhibited. When the line goes high, the 

microprocessor will delay 6 cycles and then fetch the new program count vec^ 

tors from specific locations in memory (PCL from location KFKC and PCH from 

location FFFD) • This Is the start of the user*s code. It should be assumed 
that any time the reset line has been pulled low and then high, the internal 
states of the machine are unknown and all registers must be ro-inlti.ii Ized 
during the restart sequence. Timing for the reset sequence is shown in 

Figure 2-3. 

2.2.9 Synchronization Signal (SYNC) 

In the R6502, a SYNC signal is provided to identify those cycles 
in which the processor is doing an OP CODE fetch. Tlie SYNC line goes high 
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during Phase i of an OP CODE fetch and sLays lilgh for thu remainder uf that 
cycle. Lf the RDY line is pulled low during Che Phase 1 clock pulse in which 

the SYNC line went high, the processor wi-1 stop in its current state. Lt 
remains in that state until the RDY line goes high. In thi? manner, the SYNC 
signal can be used to control RDY to cause single-^instruction execution. This 
application is discussed in detail In Section 3. Figure 2-5 contains a tinning 
diagram for this signal. 

2.2.10 Set Overflow (S,0. ) 

I'his pin sets the overflow flag on a negative transition from 
TTL one to TTL zero. This is designed to work with a future t/O part and 
should not be used in normal applications unless the user has programmed 
for the fact the arithmetic operations also affect the overflow flag. 

2.2.11 Power Lines (V^^» V^^) 

The V^^ and V^^ pins are the only power supply connections to 
the chip. The supply voltage is +5-0 V DC ± 5X. The absolute limit on 
the V input is +7-0 V DC. 

2 J DEVICE TIMING- REQUIREMENTS AND GENERATION 

The R6512 through R6515, requires a 5-volt, two-phase clock. The 
R6502 through R6507, however » can be used with an externally generated 
time base consisting of either a TTL-level single-phase clock, crystal 

oscillator, or RC network. 

Figure 2-6 and 2-7 show the configuration for setting the fre- 
quency of oscillations with a crystal or with an RC network. 

Figure 2-6 displays the crystal mode of operation in which the 
frequency of oscillation is set by the crystal operating in conjunction 
with the RC network. Figure 2-7 displays the same interconnects as in the 
crystal mode of time-base generation, with the crystal removed from the 
circuit. Values of the feedback resistor* R^,, and feedback capacitor, C^, 
will be different for the crystal mode versus the RC mode. While the 
detail specifications for values of R^ and Cj, are found In the data sheet 
for the R6502, clock timing can be generated by use of combinations of Rp 
in the range of to 500K oluns and Cp in the range of 2 to 12 pf. Tlie 
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1. During a microprocessor write cycle ^ R/W signal low, the 
SYNC pulse does not occur. 

2. The R/W signal goes high to signal the beginning of a 
microprocessor read cycle. 

3. At the beginning of the read cycle a SYNC pulse will je 

be generated. This pulse will last for one cycle t Im.i, The 
SYNC pulse indicates that the microprocessor is reading an 
OP CODE from the memory field. In this case the SYNC pulse is 
high for one cycle as the processor reads the OP CODE. 

4. The processor outputs another SYNC pulse indicating It has 
completed the previous Instruction and Is fetching another 

OP CODE, In this case three wore cycles are needed to complete 
this instruction before the next SYNC pulse is generated. Th« 
SYNC pulse is aperiodic in that its generation Is a function of 
the program and the resultant lengths of the instructions and 
addressing Kiodes. 



R/W 



1 



3 



SYNC 




n 



R6502 S YNC Signal 
FIGURE 2-5 
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R6502 ParaiM Mode Crystal -Controlled Oscillator 




R6502 Series Mode Crystal-Controlled Oscillator 



R65Q2 Time-Base Generation {Crystal-Controlled) 

FIGURE 2-6 




R6502 Time-Base Generator iRC Network) 

FIGURE 2-7 
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reader Is referred to che R6502 data sheet for a detailed description of 
the application of RC networks and crystal oscillators for generation of 
the time base in these modes of operation. 

The R6300 bus discipline described in Section K2.2 is applicable 
wherever the oscillator is located. For data transfers to be properly 
carried out between the processor and the various support chips in the sys- 
tems, the timing of the clocks controlling the internal processor opera- 
tions must be very close to that of the Phase 2 clock out of pfn 39 of 
the processor with no more than two TTL delays for clock buffering. It is 
important in systems which drive the clock generators with a TTL square 
wave that this input waveform not be employed to control the peripheral 
chips, unless care is taken to assure proper timing of the Phase 2 clock 
being used in these support chips. 
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SECTION 3 



CONFIGURING THE MICROCOMPUTER SYSTEM 



The first part of any microproces5or-basc»d design effort la the micro- 
computer system configuration task. In fact, this probably requires more crea- 
tivity from the designer than any other part of the design effort. The goal of 
the system configuration effort Is the generation of a list of components which 
wlil make up the system, a detailed interconnect diagram, and a detailed descrip- 
tion of the total system operation. This includes a definition of how the 
processor will control the peripheral devices as well as a definition of the 
internal operations to be performed. This does not Include det<>iled implemeutation 
of the design such as laying out printed-c Ircult boards and writing programs, 
but does Involve enough analysis of the total operation to ensure that the 
system will operate properly after all of the hardware and software has been 
assembled. 

The technically based selection of components and the definition of the 
general operation of the system must be based on consideration of two factors: 

1 . System speed requirements 

2. System Input/cjutput requirements 

Both of these factors are interrelated. Accordingly, it will usually be necessary 
to define an 1/0 configuration, and then to verify that the processor can operate 
at the speed required by the peripheral devices. If there appears to be any diffi- 
culty with the 1/0 operation, the structure must be redefined and reanalyzed. 

In addition to the speed requirements of the I/O devices, tliere are also 
general <^peed requirements for the internal processor operations (arithmetic 
operat itnis , data man ipulat ion , etc . ) . This speed requ i rement Is usually some- 
what more flexible than that asaociated with I/O but it should be defined along 
witli any other system requirertents , The ultimate test of system speed must wait 
for tlie RGneration of both the hardware and the program; h<.»wever, the system 
requiremt^n ts and ca pabi 1 ity mus t be analyzed very early in the sys tern develop" 
munt process to ensure that no problems will arise during tlie last stages of the 
dcs Ign * 
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J J iNPUT/OUTFUT TECHNiQVES 

3.1.1 The General-Purpose Input/Output (I/O) Port 

Although the concept of the I/O port was introduced briefly in Sec- 
tion I« and the operation of two R6500 system devices which provide general- 
purpose I/O capability has been discussed in Sections 1.5 and 1.6, little has 
been said about what factors must be considered when configuring 1/0 structure 
using these devices. 

The general-purpose 1/0 port consists of eight lines, each of which 
can act as either an input or an output* As an input, each line can detect 
the state of one switch or can detect one bit of data. As an output, each 
line can control one light, solenoid, etc. or can provide one bit of data 
to a peripheral device. If this technique is used in peripheral control, 
the operation of each line is totally defined in the system program. 

For most systems, the general-purpose interface device provides nore. 
than adequate speed and flexibility to solve the entire peripheral inter- 
face problem. Usually, cost savings can be realized because of the re- 
duced component cost and the necessity to stock only one type of inter- 
face device. In addition, use of the general-purpose peripheral interface 
device allows the designer to tailor the operation of the interface device 
to fit the problem at hand. 

The ultimate component selection must be preceded by a study of 
each section of the system I/O structure and a study of the overall sys- 
tem performance. Ultimately, the set of general-purpose and special-purpose 
peripheral Interface devices selected for a system must be chosen to mini- 
mize total cost, while ensuring satisfactory system performance. 

Processor speed is a function of two factors: (1) the number of 
Instructions required to perform the desired operations, and (2) the percent- 
age of processor time required to service interrupts. The typical micro- 
computer system may employ several interrupt signals which occur at fixed 
Intervals. At times, these may be combined with other interrupts being 
generated by a peripheral device. It is important that the total service 
time for these interrupts does not exceed that which is allowable, and that 
the time available to the processor for executing the main program is 
sufficient to allow the system to operate at its required speed. 
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During the system conf Iguraclon process, detailed system programs 
need not be generated. However, Ic will be necessary to wil^e small portions 
of the software to verify the speed of execution and to ensure proper 
operation of the total system. 

This chapter will discuss special techniques for the control of the 
various components which nay be Included in a microcomputer system, as well as 
techniques for controlling peripheral devices which are attached to the system. 
A discussion of programming techniques which can be used to optimize the 
total system performance is contained in the Programming Manual. 

3.1.2 The Special-Purpose Peripheral Interface Device 

The special-purpose, dedicated L/O device must also be considered in 
any microcomputer design. These devices are designed to completely handle 
a single well-defined problem — for example, driving a particular printer, 
handling a particular type of communications line or driving a scanned dis- 
play. These special-purpose devices are designed to totally handle their 
particular tasks with very little help from the processor. 

The primary advantage of this type of interface device is that it 
requires an absolute minimum amount of attention from the processor. The 
major disadvantage of special purpose I/O Is increased component cost. Tlie 
total production volume for these devices Is less than that of the more 
universal I/O chips and also the total chip size is usually greater. 

The use of special-purpose peripheral control devices will not be 
discussed In this manual. Instead, a detailed study will be made of the 
more general problem of configuring the 8-bit bidirectional peripheral 
port. In addition, this chapter will cover some special techniques which 
can greatly enhance the power of this type of interface device- 

3.1.3 Configuring the General- Purpose I/O Port 

The 8-blt peripheral control port Included on the R6520 and the 
R6330 permits each line to be programmed to act as an input or an output. 
This is accomplished when the processor writes a pattern of I's and O's 
Into the data direction register. Writing a I causes the pin to become an 
output, and writing a causes it to act as an input. Alt!^oogli this opera- 
tion is normally performed only during system initialization, the ability 
to do so under program control allows some very Important peripheral con- 
trol techniques. An example of this is described below. 
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The process of configuring the general-purpose I/O port Involves, 
f Irst, examining tlie perlpKeral devices to analyze the various control in- 
puC5» switches, sensors, data signals, etc* which must be handled by the 
microprocessor to properly control the device. Each function must then be 
assigned to a line on the I/O port. The ultimate goal of this process is 
the creation of a list of I/O pins, the function of each pin, and an indi- 
cation of whether each pin is to be an input or an output. 

Since each line is capable of operating as an input or an output, 
and since there Is very little to differentiate one line from any other, 
the actual assigniicnt can be made fairly late in the system development 
cycle after consideration of software techniques and pr inted-c I rcui t board 
layout. In fact, software considerations may be the only thing which dic- 
tates that a signal be connected to one pin or another. 

Developing a thorough understanding of the software in the R6300 
systems will require a detail study of the Programming Manual. However, 
several operations which can be performed by the processor and which affect 
the assignment of inputs and outputs will be discussed briefly here. 

ASSIGNMENT OF OUTPUTS 

A major factor in the assignment of output pins can be the ability 
of the R630X processor to increment and d ecrement memory. Since the I/O 
port is treated as a location in memory, this incrementing and decrementing 
can be used to rapidly set and clear the low-order bit in this memory loca- 
tion. This Is illustrated in Figure 3-1. 

Note that this does not affect anything but the low-order bit if 
it is used properly as shown. This operation can be performed more rapidly 
than several other software techniques which can be employed to affect a 
single bit. Therefore, control of a single indicator* data line, etc. can be 
greatly enlianced by putting it on the low-order bit of an I/O port. This 
is the reason the low-order bit of both the R6330 peripheral ports (PA and 
PBO) provide the ability to drive transistors directly. In many appli- 
cations, a simple transistor attached to one of those pins would provide 
very convenient control of a motor, lamp, etc. 

The ability of the microprocessor to shift data in memory can be 
another very important factor in the assignment of outputs. Operations 
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which require sequential strobe signals can be controlled conveniently by 
shifting a single high (or low) signal from pin to pin under software con- 
trol. The specific choice of pins can greatly enhance the ease with which 
this signal is controlled/ 

ASSIGIWENT OF INPUTS 

In general, the processor deals with the input data from switches, 
keyboards, etc. by reading the data on the I/O port Into the Internal regis- 
ters of the processor (usually the accumulator) and using the resulting con- 
dition of flags in the Processor Status Register to control the program 
which is executed. During this transfer process, the N flag In the Processor 
Status Register is set equal to the high-order bit (bit 7) of the word read 
froN the 1/0 port. This N flag can then be used to cause the processor to 
execute different sections of the program (See the Programming Hanual, 
Chapter 4, for a detailed discussion of Branching). Likewise, by performing 
certain instructions, the V flag in the Processor Status Register can be set 
equal to bit 6 on the 1/0 port. This flag can then be utilized co affect 
the program which is executed. 

This operation of setting the Internal flags from bits 6 and 7 of 
the memory word means that making these two lines inputs on an I/O port will 
permit very convenient testing of the condition of the switches, sensors, 
etc. attached to these inputs. If more than two input signals are to be 
attached to a port, the additional inputs should be placed on bit 5, then 
bit 4, and so on* The processor can then perform operations which shift 
the lower-order bits into bit 7 one at a time and sets the N flag equal to 
this bit. After each shift the N flag can be used to determine the actual 
program which is to be executed. (See the Programming Manual for a 
discussion of the Shift instructions.) 

From the above example, one should conclude that the assignments 
which the designer makes will be very much a function of the software tech- 
niques which will be employed in controlling each line. It is very Import- 
ant that the designer be familiar with these techniques, and that he docu- 
ment the techniques which he has in mind when making the assignments. This 
is particularly important when the system program is to be written by someone 
else. Also, it Is Important that those persons doing the system development 
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work constantly review the I/O structure to optimize the software Involved 
as the system program Is written. 

3,1-A Power-On Considerations 

Section 1,2,4 discusses the operation of the system RESET function* 
Reference Is made to the fact that this can be used to assure that all I/O 
lines come up in a known state when power is applied to the chip. Although 
this Is a very Important function, the designer must assure himself that this 
RESET state does not adversely affect the peripheral devices* This section 
describes some of the problems which can be encountered when the system is 
reset and discusses several techniques which can be used to guarantee smooth 
power-up operation. 

The I/O lines of the R6530 and R6520 all enter the input state when 
the reset line goes to GND (< 0.4V). For the R6530 I/O lines, and for the 

^ ■ 

_ » 

Peripheral A port on the R6520, these pins will go to +5V DC (Vdd) . This 
Is due to the output structure on these pins. When these lines are in the 
input state, the output switch becomes an open circuit but the pull-up 
device continues to supply current to the pin. 

Figure 3-2 shows a peripheral port which is configured to drive two 
solenoids. These solenoids can be controlled properly after the system is 
initialized; however, when the manual reset switch is activated, both I/O 
lines enter the input state, the transistors saturate (close) and the sole- 
noids are activated. This can be catastrophic in most mechanical subsystems, 
so it is important that this potential condition be understood and prevented. 
Figure 3-3 shows two satisfactory solutions to this problem. The first. 
Figure 3-3a, requires that a "0" be written into the output line by the 
processor to actuate the solenoids. This ensures that the solenoids will 
not be powered simultaneously when the manual reset switch is pressed; 
however. It does introduce another potential problem. When the reset line 
on the peripheral interface device goes low (< O.AV), the contents of both 
the Peripheral Data Register and the Data Direction register are cleared to 
zeros. If the Data Direction Register is set to 1'b, both solenoids will 
immediately actuate due to the stored in the Peripheral Data Register. 
This can be avoided completely if the system software first sets the bits 
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R6520 Control of Transistor Driven Solenoids 

FIGURE 3^2 

in the Peripheral Data Register to a 1 and then sets the Data Direction 
Register to a !• The I/O pin will go high when the reset switch is actuated 
and will simply stay high through the initialization routine. 

Figure 3*'3b illustrates a solution which may be more applicable to a 
large system or a complex peripheral. la this approach, a separate output 
line is used to apply power to the peripheral device. Hie power to the 
entire peripheral, or to only the critical elements, is kept "off" until the 
entire system is initialized and is ready to run the system program. 

On the R6520 Peripheral B port, the I/O lines are open-circuit 
(high-impedance) in the input state. As a result, the configuration in 
Figure 3-2 will not cause the same problem on the R6520 Peripheral B port 
as would be expected on the R6530. In the input state, the I/O pin is 
Incapable of sourclng any more than a few irlcroamps. 

However, if one were to use a solenoid driver as shown In Figure 3-^, 
the TTL input structure on the drivers would Interpret the tilgh- Impedance 
state as a logic 1 and would actuate the solenoids; both the solutions in 
Figure 3-3 would be satisfactory in this case. However, the transistors 
are connected to the TTL buffer. In addition, the extra output shown In 
Figure 3-3b, controlling power to the peripheral device, could actually be 
utilized to enable the solenoid drivers if an enable input is available to 
these devices. This configuration is Illustrated in Figure 2.5. 
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3«1.5 Handshaking 

The R6520 provides both Interrupt control and data transfer control 
capability. The technique for controlling the transfer of data between the 
processor and a peripheral device la referred to as "handshaking." In this 
procedure, each device (the processor or peripheral) Is capable of signalling 
the other that its operation Is complete* The sequence differs somewhat for 

transfers Into or out of the processor, so they will be discussed separately 
below. 

HANDSHAKING ON DATA TRANSFERS FROK THE PROCESSOR 

The transfer of data out of the processor Into a peripheral device 
la performed by first writing the data into the data register within the 
R6320. These data then appear on the peripheral output lines where they 
can be read by the peripheral device for storage, display, etc- 
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Control of this data-transfer by handshaking requires first that 
the processor signal the peripheral device that data are available on the 
I/O port. The peripheral device then reads these data and signals to the 
processor that the data have been taken and that new data can be made avail- 
able. The processor then makes new data available and the cycle is 
repeated . 

As described in Section 1, the Peripheral B Interface Port on the 
R6520 is designed to perform handshaking on WRITE operations- The CB2 
peripheral control line can be progranmed to act as an output which goes 
low each time the processor writes data onto the Peripheral B I/O port- 
This is the signal which tells the peripheral device that data is available 
on these output lines. 

The CB2 output line will stay low until the peripheral device sig- 
nals the processor that the data is taken. This is accomplished by inter- 
rupting the processor through the CHI interrupt input. 

The sequence which takes place during the "WRITE" handshaking 
operation described above is shown in Figure 3-6* 

HANDSHAKING ON DATA TRANSFERS INTO THE PROCESSOR 

The Peripheral A I/O port on the R6520 is designed to handshake 
on data transfers from the peripheral device into the processor. In this 
sequence^ the peripheral device must signal the processor that data are 
available and the processor must signal back that data was taken. Tliis is 
basically the same sequence as that performed in t)i€ previous operation. 
The CAl interrupt Input is used to interrupt the processor to indicate that 
there are data available on the Peripheral A 1/0 port. The peripheral de- 
vice must then hold the data there until the processor reads them into its 
internal registers. When the processor reads the Peripheral A I/O port» 
the CA2 peripheral control line goes low to signal to the peripheral device 
that the data have been taken and new data can be made available. This en- 
tire sequence is shown on Figure 3-7. 

The handshaking operations described above c;in be an extremely 
powerful technique for interfacing data storage devices or, in general, any 
device which must transfer blocks of data and which has a variable re- 
sponse time. If the processor cannot predict the speed with whicli the 
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by a low level on the IRQ line. 
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peripheral takes data, for Inatance, It must rely on the peripheral to 
signal that It has done so. 

Initiating* the data-transfer sequence is usually accomplished 
through a set of 1/0 lines separate from the port which is transferring the 
data. However* once the sequence ia under way, the processor must deal with 
the peripheral device only when an Interrupt has occurred. This allows the 
processor to execute the primary system program while still servicing these 
peripheral devices. 

Sa THE MtCROrttOCESSORfSUFFOMT CHIFS iNTERFACE 

The system block diagram (Figure 3-8) shows the basic data paths which 
allow the R6500 system to operate. Data Bus» Address Bus, R/W signal, etc. 
are shown as simple connections between the various chips in the system. 
These data paths will exist in any system, no matter how complex. Never- 
theless each element of the microprocessor interface must be examined to 
ensure that each chip is properly driven with signals which meet all specifi- 
cations for the device, that the inter-chip timing is proper, and that the 
overall system is operating as required. 

3.2.1 Assigning Addresses in the R6500 System 

The only method which the microprocessor has for selecting between the 
various RAMs, ROMs, etc. in a system is through the address output lines. For 
this reason, Che designer must use these lines very carefully to achieve 
minimum system cost and to ensure satisfactory system performance. 

Before looking at how the address lines can be configured to minimize 
total system cost or program execution time, the designer should understand 
how the binary value associated with each address line is related to the total 
address space available to the microprocessor and how the AND function of 
various address lines can be employed to select large blocks of addresses. 
Figure 3-9 illustrates the state of the three high-order address lines for the 
entire address space available to the R650X, Note that the highest-order ad- 
dress line is a logic 1 for exactly half of the available address. The AND 
function of the two highest-order address lines Is a logic 1 for one-fourth of 
the available addresses, and so forth. Figure 3-9 also illustrates several 
AND functions derived £rom the three highest-order address lines; each Is true 
for a different block of the available addresses. 
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Generation of the AND function of various high-order address lines la 
extremely Inportant because of the chip select techniques eaployed on the 
processor support chips. As described in Section 5.1,4, the R6520 has 
three chip-select lines. The entire chip is selected for reading or 
writing data when CSl and CS2 are high (> 2.4V) and CS3 Is low (< 0.4V). 
Selection of the address lines which enable the various chips in the systen 
is a very basic but very inportant part of the system configuration task. 

It is Important to note here that very few nicroprocessor-based ayatens 
actually require that the processors be able to access a full 63,536 words. 
In fact» most systems can be programed in less than 2,000 words for program 
and data memory. The full address space Is made available primarily because 
it permits the configuration of systems with an absolute minimum of separate 
decoding chips between the processor and the support chips. It is possible to 
assign any block of address to each type of chip (RAM» ROM, peripheral inter- 
face chips, etc.) in the system. However, each of the assigned addresses must 
be mutually exclusive. Only one of the support chips should be selected for 
every address used in the system program. 

ROM ADIHIESS ASSIGNMENT 

The assignment of ROM addresses is dictated by the fact that the 
interrupt and RESET vectors must be located in the six high-order words in 
menKiry. These are fixed vectors and must be stored permanently in these 
locations. For this reason, the program memory (usually ROM) is usually 
assigned the high-order addresses. In fact, the recommended procedure is to 

use AI5 (A12 for R6504 and R6307 and All for R6303, R6505 and R6306) to 
select program ROM. 

RAH ADDRESS ASSIGNMENT 

There are several factors which determine the location of the RAM 
in an R630X-ba8ed system. Data stored in memory under control of the internal 
processor Stack Pointer will always go into Page One {AIM 01). Also, the 
entire set of Page Zero addressing modes relies on there being data storage 
RAM in Page Zero. For this reason, the RAN in a R650X-based system should be 
placed in the low-order addresses in memory. 

With the RAM in low-order memory and the ROM In high-order memory, 
the peripheral Interface devices must go somewhere in between. This Is 
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accomplished tn Figure 2.10 by using A15 ■ A14 to select ROHs, A15 to select 
RAM, and Al5 • aTa to select all peripheral interface devices. This allows 
differentiation between the types of support chips. The addressing structure 
can be completed by allowing for selection of each chip in the groups. 

The addresses which select the various registers, peripheral ports, 
etc. within the peripheral interface devices that are normally employed will 
not be sequential. For this reason, it is usually recotmnended that the tech- 
nique shown in Figure 3-10 be employed to differentiate between the peripheral 
Interface chips. This permits selection of 12 devices with no decoding in a 
R6502-based system, up to nine R6320 devices in a R6504 or R6507 based system, 
and up to eight devices in a R6503, R6505 or R6506-based system* 

ADDITIONAL ADDRESS ASSIGNHENT TECHNIQUES 

In many syatems. the techniquea illustrated above may not repreaent the 
best solution to tdie system problem. This is particularly true if program 
execution apeed is a primary consideration* The time required to access the 
peripheral devices can be reduced by putting these devices in Page Zero. The 
entire set of Page Zero addressing modes can then be used to access these 
devices. In addition^ the polling of the R6520 control registers during 
interrupt servicing can be facilitated greatly by putting the control registers 
in sequential addresses. These registers can then be accessed, making use of 
the Page Zero, Indexed addressing node described in the Progranning Manual. 
The address interconnect which allowa this is shown in Figure 3-11. Note that 
this implementation requires external address decoding chips, but, for the 
system requiring it, this incremental cost will result in high operating 

speeds. 

The system designer must become familiar with the addressing lines and 
their effect on the address space available to the proccssoi;. Even more 
importantly, there is a significant relationship between software and hardware 
in microprocessor systems and a full understanding of both can facilitate 
optimization of the trade-off between speed and cost for the system under 

design. 

3.2.2 Interrupts 

The basic concept of Interrupts is introduced in Section 1.2.3 of 

this manual. However. little is said there about the hardware and software 
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techniques which are required to assure proper implementation of the Interrupt 
system. This section is designed to Introduce the designer to the details of 
Interrupts and interrupt servicing techniques. 

INTERRUPT PRIORITIZING 

Chapter 1 makes reference to various techniques for hardware 
prioritizing of interrupts to allow more rapid servicing of interrupts. The 
goal of this hardware is to allow the processor to go directly to the 
program which services the highest-priority active interrupt without taking 
the time to poll each interrupting device. 

All hardware prioritizing techniques are based on the "priority 
encoder" shown in Figure 3-12, This device has eight inputs which are 
assigned a priority level from one to eight and generates a three-bit binary 
code corresponding to the highest-priority active input signal. 

The generation of this three-bit code is in reality a trivial task 
for the designer. However, relating this code to the address of the corre- 
sponding interrupt service routine is much more difficult and represents an 
opportunity for creativity on the part of the designer. Several solutions 
will be Illustrated here to demonstrate what can be done. These are certainly 
not assumed to be the only solutions. Each system must be considered sepa- 
rately to assure that the Implementation chosen is as close to optimum as 
possible. 

EXAMPLE 1: SELECTING THE INTERRUPT VECTOR 

The final step of interrupt response within the processor is the 
fetching of an Interrupt vector from two fixed addresses in memory. The 
Interrupt vector located in these fixed addresses identifies the address of 
the software which the processor executes to poll the interrupting devices. 
Instead of pointing to the polling routine, it would be much faster to go 
directly to the software which actually services the interrupt. This re- 
quires a unique vector for each Interrupt. 

The technique illustrated in Figure 3-12 assumes that the interrupt 
vectors are located in ROM at addresses below that normally assigned to the 

Interrupt vector. The decoder detects the fact that the processor is reading 
FFFE or FFFF. At this time the address Inputs ADl, AD2 and AD3 into the ROM 
are driven from the priority encoder. Instead of accessing FFFE or FFFF, the 
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interrupt vector will conte from two addresses selected by the priority encoder. 
The actual hardware involved is quite simple and the interrupt response 
time is an absolute minimuia. 

EXAMPLE 2: USING THE PROCESSOR SOFTWARE POWER 

These several solutions to the vectored Interrupt problem take ad- 
vantage of certain instructions which can be performed by the processor. 
The first of these employs an instruction called the "Jump Indirect." This 
Instruction causes the processor to begin executing the program located at 
that address contained in two sequential memory locations. 

As in Example 1, the three-bit output from the priority encoder 
becomes part of the address of the interrupt software. If the output of 
the priority encoder is connected to the inputs of a peripheral interface 
device* the processor can then perform a Jump Indirect operation using the 
address on the two peripheral 1/0 ports. This is illustrated in Figure 2.13. 

Another solution which takes advantage of the processor software is 
shown in Figure 3-lA, Once again, the output of the priority encoder is 
connected to the inputs of a peripheral I/O port. However, in this approach, 
the priority encoder is connected to the low-order bits and the other bits 
can serve as control or Input lines for other functions. 

In this method* the three bits from the priority encoder will become 
part of an address established in memory. This address will then be 
used in a Jump Indirect instruction as before. This operation is detailed 
in Figure 3-15, 

3-2.3 Memory Interface Control Using RDY 

The ability to stop the microprocessor can be extremely important 
when using memory devices that are not directly compatible with the R630X 
family. 

Tlie RDY line can be used to stop the processor in any "noa-write" 
cycle — i.e., any cycle in which the processor is not attempting to write 
data Into memory. Ihe processor can be stopped for any number of clock 
cycles — from one cycle for Interfacing with slow memories to many cycles 
for DMA applications and for single cycle execution. 
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INTERFACING SLOW PROMS 

One of the principal applications of ROY is in the control of light- 

eraaable PROMs or EAROHs. These devices generally have longer access tines 

than that required by the microprocessor when operation at 1 MHz clock. 

frequency and are incapable of making data available on the data bus within 

100 nanoseconds of the end of the Phase 2 clock pulse. The Phase 2 clock 

pulse is used to latch data or instructions on the data bus; therefore, if 

the data are not available at the correct tine, the processor must be held 

up for one full cycle. The instruction will then be latched on the following 

Phase 2 pulse. Execution of the Instruction will then proceed during the 

next cycle. Suggested logic for performing this function is shown in 

Figure 3-16. 

Note that the data present on the data bus during the Phase 2 clock 
pulse after RDY goes high are the data that will be used in Che instruction 
execution which takes place during the following cycle. 
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Interfacing Scheme for Slow PROM 's 

FIGURE 3 16 

DIRECT MEMORY ADDRESS (DMA) TECHNIQUES 

Transfer of data from peripheral storage devices into the micro- 
computer data memory (RAM) can nornally be handled one byte at a time under 
control of the microprocessor. However, in large data terminals, control 
systems, etc. the primary data storage device may be a high-speed tape or 
disk. In systems such as these, the data transfer from the storage device 
into memory must be performed at speeds greater than the processor can 
handle. The control of the transfer must be performed outside the processor 
in a separate controller* and the peripheral device must gain direct access 
to the system RAM. 

Direct Memory Access requires primarily that the processor have no 
need to access the memory involved. This is generally ensured by stopping 
the processor completely. The DMA controller must then gain access to the 
R/W line and both the address and data busses on the memory unit. 

Provision for stopping the processor Is available on the R6502, 
R6303 and R6507. This is accomplished by pulling the RDY line on the 
processor to GND (< 0.4V). The processor will stop In the first non-write 
cycle with the data bus in the high- impedance state. After the processor 
has stopped, the DMA controller must provide the address and data for the 
memory and must control R/W if data are being transferred into memory. 
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Providing addresses for Che memories can be acconplished by gacing 
addresses trom either the DMA controller or the microprocessor into the 
meiftories* This can be accomplished very easily with a Quad 2-inpuC data 
selector* During the DHA operation, the addresses fed to the menoriea are 
those generated by the DMA controller. After the DMA operation is complete, 
the input-select signal to the data selector is Inverted, and the addresses 
generated by the processor once again determine vhich memory word Is being 
accessed. The R/U line to the memories can be controlled in the same way 

as the address lines. 

The data bus must be controlled in a somewhat different manner. 
This is necessitated by the fact that these lines are "bidirectional," 
with the data bus pins on the processor and the support chips serving for 
both input and output. The output buffers io each of these chips are capable 
of entering a high-Impedance state to allow any of the devices to drive the 

bus during data and instruction transfers. For this reason, a bidirectional, 
"three-state" bus extender is required to interface the DMA controller to 
Che system data bus. The logic necessary to provide full address bus and 
data bus control for DHA applications is shown in Figure 3-17. 

The R6302, R6303, R6504, R6305, and R6307 do not make provision for 
the Bus Available signal* However, these processors still stop in the 
first non-write cycle. For this reason, the logic shown In Figure 3-17 
should be used to generate a Bus Available signal for the DHA controller. 

CONTROL OF DYNAMIC RAMS IN THE R6SO0 SYSTQH 

For systems which must contain a large quantity of Read/Write 
memory (RAM), the 4096-bit dynamic RAMs can provide the required storage 
with a minirauia number of parts. However, there is one major drawback to 
these devices — they must be refreshed periodically. For most devices 
currently available, this refresh period is about 2 rallliseconds for the 
entire chip. Refreshing the entire chip requires 32 Read operations which 
can be performed all at once every 2 iDilliseconds , or performed one-at-a- 
tirae approximately every 64 microseconds. 
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Logic Used to Generate BusAvaUabie Signal for DMA Applications 

FIGURE 3-17 

Unless a separate controller la used to perfom this refresh 
operation I the use of dynamic M»orlea can be very detrlnenCal to systea 
perf orvanctt. 

As with any Direct Heaory Access, the processor must be stopped to 
assure that the processor and the DMA controller are not attesiptlng to 
access the naaorles concurrently. The RDY Input provides this capability. 
A counter operating directly froa the systen clock will provide a very 
convenient refresh signal. Each time the counter goes through a count of 
63, a "refresh request" pulse Is generated. The actual meatory refresh 
operation Bust take place during a Read operation with the processor 
stopped for 1 cycle. Determining vhen the processor has stopped presents 
exactly the same problem aa in DHA operations. The controller must pull 
the RDY line low and must then eiumlne the R/U line to determine when the 
processor la in a Read cycle. 

The specific operation performed during the refresh cycle is a 
function of . the devices being used. However* it should be noted that the 
tlAe available for refreshing the memory is "K - 1/2" cycles, where N 
is the number of cycles that the processor is atopped. Control of the 
memory address lines must be returned to the processor at the beginning 
of Phase 1 if the memories are to have a full cycle to make valid data 
available on the data bus. This leaves one-half cycle available to perform 



3-29 



the refresh operation if the processor is stopped for one cycle. A full 
1-1/2 cycles can be pude available by stopping the processor for two cycles. 
This latter impleroentatlon la more conpatible with nost dynamic RAMs currently 
available. 



dyiiaiBlc RAM systems Is related to knowing when the processor has stopped. 
A full one-half cycle is required in the implementations described above. 
The R6302, however, provides a signal — the SYNC signal — which can be 
utilized to predict that the processor will stop in the very next cycle. 
It is impossible for a Write operation to Inaiediately follow an Instruction 
fetch cycle. This sllovs the memory refresh controller to assume control 
of the address lines at the beginning of that cycle instead of after the 
trailing edge of Phase 1. 



guaranteed to stop. Control of the address lines is returned to the pro- 
cessor on the next Phase 1 and RDY is set high at the same time. The result 
is the refresh logic has a full cycle to refresh the memories and the 
processor loss only one cycle of execution time. A suggested configuration 
for this control logic is Illustrated In Figure 3-18. 



As described above, a primary problem in the implementation of 
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Control Logic for Refresh Signai for Dynamic RAMS 

FIGURE 3-18 
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3 J ADDiTlONAL SYSTEM COSSiDEiUTtONS 

After the basic system configuration Is conpXete, extensive breadboarding 
and testing are usually required before the design is finalised. However, this 
breadboarding and evaluation must be preceded by a complete evaluation of the 
cost and performance of the proposed design to guarantee that the various goals 
of the project will be net. 

The first step In evaluating the design is to estimate the amount of ROM 
and RAM that will be required, as well as the number and type of Interface 
devices required to control the peripherals 

3.3.1 Peripheral Interface Devices 

The number and type of peripheral devices can generally be estimated 
very accurately. However, It is important to keep in mind that these esti- 
mates must be subject to review after a full analysis of system performance 
Is completed. The designer may find it necessary to employ a special-purpose 
interface part or to redesign the I/O structure If the evaluation of system 
performance reveals that the system cannot operate at the required speed. 
Use of special-purpose peripheral Interface parts will reduce the number of 
tasks which must be handled by the processor and consequently can increase 
the overall system speed, but this generally involves additional component 
cos t . 

Similarly, the use of a fully vectored Interrupt can lead to increased 
performance at increased cost. The goal of any design program must be to 
meet all the system performance at the minimum possible cost. 

After the various peripheral devices in the system have been evalu- 
ated to determine the number of Inputs and outputs required, the total re- 
quired by all peripherals can be divided by 16 to determine the number of 
devices required. This is a good first approximation which will be re- 
evaluated as the system development progresses. 

3.3.2 RAM 

The evaluation of the amount of RAM required by the system is a some- 
what more difficult problem than estimation of peripheral devices. This is 
due primarily to Che fact that much of the RAM is required by the system 
software as working storage, such as storage of immediate results in 
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arithmetic operations. Since the system program will probably not be 
written when these estimates are first attempted, the probability of error 
in this portion of the estimate may be fairly high. 

In addition to working storage, the RAM must provide storage for; 

1. the "stack" (described in the Programming Manual) 

2. Peripheral input data storage 

3. Peripheral output data storage 

Items 2 and 3 above can be evaluated quite accurately, since a de- 
tailed analysis of the peripheral devices has usually been completed when 
these estimates are first attempted. In general, a block of RAM must be 
made available for each peripheral device. The amount of RAM required for 
each is a function ot the type of peripheral device being interfaced and 
Just how the device is to be controlled. 

The amount of RAM required by the stack is a function of both the 
interrupt structure and the system software. As a result, an estimate of 
this requirement must be based on the system progransner *s best estimates 
of his requirements. This should be combined with an estimate of the re- 
quired working storage and the peripheral data storage requirements to ob- 
tain an estimate of the total system RAM. 

3.3.3 ROM 

The amount of ROM required in a system cannot be determined accu- 
rately until the system program is completed* However, by partitioning the 
system program into definable pieces, an estimate can be made of each task 
and the total can be obtained of the ROM required by each section. 

Most progx'ams consist of easily defined sections such as the software 
for each peripheral device, arithmetic routines, etc. These are the pieces 
which should be examined separately to estimate the ROM required by each. 

3,4 EVALUATING SYSTEM PEHFOXMANCE 

As discussed in the previous section, the peripheral interface structure 
for a system is fairly easy to configure if one assumes that R6520-type de- 
vices are used. However, before going too far into hardware construction, it is 
important that the total system performance be evaluated to minimize the proba* 
bility that major problems will arise in the later stages of the design. 

Evaluating system performance Involves first determining whether or not 
the processor is capable of processing all interrupts with the speed required. 
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and then determining tliat the processor has sufficient time to perform non- 

interrupt operations. 

The prioritized interrupt structure assumes that, at tlmes^ more than one 
Interrupt will occur and that there will be delays encountered in servicing some 
interrupts caused by the presence of other interrupts. This structuie will per- 
form satisfactorily if these delays are not too great. 

Tlie interrupt processing time should be evaluated starting with the highest* 
priority interrupt, then going to the next-highest priority, each time keeping 
In mind the total time which can be lost due to concurrent highcr-priori.ty 
interrupts* Each time an interrupt is examined, the worst microprocessor re- 
sponse time which can be encountered should be estimated. If this time is still 
adequate for the function being handled by the interrupt, then that aspect of 
the system operation can be expected to perform satisfactorily. 

The ability of the R650X microprocessors to handle Interrupts quickly and 
conveniently represents one of the real strengths of this microprocessor family. 
However, in any system being developed^ It is Important that the percentage of 
processor tine spent servicing interrupts not be so large that the internal data 
handling, arithmetic operations, etc. cannot be executed properly. 

Since the interrupts are usually asynchronous and are not related directly 
to the main line program, the time lost to interrupts can usually be viewed as 
an average percentage of the total time. The speed with which the main program 

caTv be executed will be reduced by this percentage. 

The interrupt service routines are usually short and easy to evaluate « 
However, the main program is much more difficult to estimate. Fortunately, it 
is also usually much less critical. Those operations which must meet a 

particular speed requirement can be examined in detail by the programmer to de- 
termine the execution time. This estimated execution time must then be reduced 
to allow for the time lost to interrupts. 

The final step In ensuring satisfactory system performance Is a worst-case 
analysis* This is to determine If there are any places In the program where 
worst-case interrupts can cause excessive delays in tlie execution of other pro- 
grams being executed* Although the effort involved in a complete worst-case 
analysis is usually excessive, this Is one part of the system development task 
which can lead to significantly greater assurance of success for the entire de- 
velopment process. 



3-33 



3-34 



SECTION 4 



BRINGINC; UP THE R6500 MICROCOMPIJTER SYSTEM 

4 J MICKOCOMPUTEK TESTING 

After many hours of pl^mning^ hardware construction, and programming effort, 

the microcomputer system designer tnust face what can be his most difficult task.: 
"bringing up" his system. The modern microcomputer with its mininura chip count, 
and its minimum number of control and data lines, represents a tremendous advance 
in system design when everything is working properly. However ^ it can also repre- 
sent a testing nightmare to the designer who is attempting to Lroubleshoot the 
hardware and software which constitute the total design. 

A microcomputer lacks many of the things which make testing of conventional 
logic relatively convenient. To begin with, one simply cannot see most of the 
control signals* data transfers, etc. wtiich allow the system to operate. In 
addition, it Is impossible to examine directly the contents of the registers and 
latches which store data within the processor. The data can be examined only 
indirectly, by looking at the signals on the inputs and outputs to the chip at 
the proper time . 

This problem is compounded by the fact that many programs must be tested 

''dynamically" — i.e., the system must be running at its full operating speed 
with non-recurring events or with a total lack of usable oscilloscope-trigger- 
ing signals. 

For these and many other reasons. It is Important that the system designer 
build effective testing capability into both his hardware and his software. 
This is particularly true for the pre-production prototypes. When combined with 
the procedures discussed below, this will minimize both the time and the effort 
spent in producing that first operational system. After the program and the 
hardware are completely debugged, many of the testing tools discussed below can 
be removed from the prototype design without affecting system performance. This 
allows the designer to arrive at his final production design very shortly after 
he has proven that the prototypes are operating satisfactorily. 
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A. 1-1 Static Testing 

Static testing (i-e,, execution of the program) ^ one cycle or one 
instruction at a time. Is the first step in the checkout of any system. 
In this way» the general flow of the program can be examined and for much 
of the program the validity of data transfers Into and out of memory can 
be verified. As shown in Figure A-1, the logic necessary to control RDY 
to allow Single-Cycle and Single-Instruction Execution is relatively 
simple. This hardware aad its use In system testing are discussed below, 

SIMGLE-CYCLE EXECUTION 

The timing required for Slnglc-Cycle-Execution is shown in Figure 
In this operation, the RDY line has been brought low (GND) to halt 
the processor* To allow execution of a single cycle^ the XDY line goes 
high (+2.4V) for one cycle each time the Single Cycle switch is acti- 
vated. Note that the RDY line goes high while the Phase 1 clock is high 
and the internal timing counter advances on the next Phase 1 clock pulse. 

Single-cycle operation allows stopping the processor in any cycle 
except a WRITE cycle. This allows detailed examination of all cycles of 
the instruction fetch operation. In addition. It permits detailed examina- 
tion of operand fetches. Thus, it is possible to verify the operation of 
most of the hardware involved in memory addressing and control. It is also 
possible to verify the operation of most of the peripheral interface hard- 
ware. This can greatly reduce the time required to test the full dynamic 
operation of the peripheral device. 

Note that if depressing the Single Cycle switch allows the processor 
to advance Into a WRITE cycle, the processor will complete this cycle and 
will then stop in the first READ cycle (R/W »= 1) which follows. This tim- 
ing is shown in Figure A-2. 

Appendix A contains a detailed summary of the data which should 

appear on tlie address and data lines during each cycle of the R6502 
Instructions . 

Note that the processor often puts out an address and fetches data 
which it 'ignores. This is an inherent feature of the processor which uses 
a "look-ahead" approach to pipelining. Examination of the SYNC signal will 
allow the designer to keep track of exactly when the data fetched from 
memory is utilized within the processor and when it is ignored. 
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A very simple "data trap" can be built into prototype systems to 
allow examination of the address and data generated by the processor during 
WRITE cycles. This trap may latch the contents of both the address and 
data busses or it may latch only tlie address bus. The latter can be suf- 
ficient 11 a separate means of exaniinlnx data In memory Is provided (see 
Section A. 2). /V suggested configuration for the "data trap'* is shown In 
Figure 4-3- This circuit can be used to display the contents of the ad- 
dress and data bussos for both KKAl) and WKITI* cycles. The WKITR data are 
latched and held during the next KKAl) cycle. Depressing the Latch Reset 
switch then opens the Inputs to the latches and allows monitoring of the 
subsequent RF^D cycles. 

SINGLE INSTRUCTION EXECUTION 

While it is extremely useful to be able to analyze the execution of 
each instruction in detail, it Is often sufficient just to look at the gen- 
eral program f low. Tliis is par t Icularly useful when examining the opera- 
tion of branches and Jumps in a program. Single Instruction execution is 
designed to allow this capability on the R6502 which outputs a SYNC sig- 



nal . 



The operation of the single instruction execution logic is based on 



generation of a SYNC signal within the processor. This signal goes high 
(> +2.4V DC) during each OP CODE fetch cycle. Single instruction execu- 
tion Is implemented by using SYNC to force RDY low (< +0.4V DC). Under 
these conditions, the processor will ^Iways stop with an OP CODE address 
on tl»e address bus and the Ol* CODK on the data l>us . Tlie timing for this 
operation is shown In Figure 4-4. Note that this diagram assumes that the 
processor is stopped In an OP CODE fetch cycle. Depressing the Single 
Instruction switch (Figure 4-1) allows execution of that instruction. The 
processor then stops when the next OH CODi- Is fetched. 

4.1.2 Dynamic Testing 

Through static testing techniques, the designer should be able to 
verify the operation of most of his processor interlace hardware, such as 
the Uus Expanders and Address Decoders (for strJociinK KOMs, RANs, etc.). 



However, this is only a first step to assuring proper system operation. 
Most periphoraJ devices cannot be properly tt.stt-d unU-^s the pmcessor is 



operating at full speed. This necessitates full dynamic testing. 
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Single Instruction Execution 

FIGURE 4-4 



Dynanic testing generally involves causing the processor to execute 
a program loop, i-e., to execute a repetitive sequence of Instructions. 
This allows the use of an oscilloscope in examining the processor opera- 
tion. This repetitive operation can be externally Induced through the 
RES or Interrupt (IKq or NMl) lines, or it can be a part of the program 
being executed. Both techniques play an important role in the system 
checkout process • 

EXTERNALLY INDUCED LOOPS 

Ttie most direct means of causing the processor to execute a loop is 
to drive one of the direct inputs (RES, IRQ or KMI) with a signal generator 
This technique can be employed to troubleshoot systems which are only 
partially operational, since it does not rely on proper execution ot a par- 
ticular set of instructions to cause looping to occur, Kowever, this tech- 
nique can be used only if an oscilloscope can be employed in examining 
system operation; to do so requires an effective scope-synchronizing 
signal. For this reason, the following section will discuss not only the 
signals CO be tested and the waveforms which one should see, but also the 
techniques one may use to assure generation of an eftective scope sync. 
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Probably the most basic operation performed within the processor is 
the RESET function. Without the RESET hardware and software operating pro- 
perly* the system will never enter Its normal operating mode. For this 
reason, the first major function to be tested, both statically and dynam- 
ically. Is the RES input. 

A suggested configuration for dynamically testing the RESET input is 
shown In Figure 4-5. In this diagram, the RESET input is being driven from 
a signal generator. Between the signal generator and the processor is a D- 
type fllp'flop to synchronize the chip reset signal to the processor clocks. 
This synchronizing is extremely important because it stabilizes the data 
being displayed on the oscilloscope with respect to the scope sync. 

The most effective procedure for testing the dynamic operation of 
the RESET function is to reset the system Initially at a rate of approxi- 
mately one-fifth of the clock rate. This will allow tlie processor to 
execute the first few Instructions in the reset sequence before being re- 
cycled. The designer can then closely examine the timing of address, data 
and R/W signals. Use of the delayed sweep feature available on most modern 
oscilloscopes will allow examination of any part of the RESET operation. 

When proper operation of the RESET input has been verified, the same 
technique can be applied to both the IRQ and the NMI inputs. Driving either 
of these inputs with a signal generator synchronized to the processor clocks 
will permit a close examination of the dynamic operation of the interrupt 
polling sequence. This provides a very important look at the Peripheral 
Interface selection logic to ensure that all peripheral devices are respond- 
Ing to the proper address. 

SOFTWARE LOOPS 

During system checkout, the designer must verify the operation of 
many simple functions which must all operate properly before the entire sys- 
tem is operational. The use of simple software loops will allow a detailed 
examination of one function at a time. Host importantly, it allows the 
designer to use an oscilloscope to examine events which may occur very in- 
frequently and which are normally very difficult to see. 
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The execution of software loop requires the writing of a program 
which eads in a JMP back to the beginning of the program. Once the processor 
enters the loop it will continue to execute the same sequence of instructions 
until the RESET switch is pushed. 

To utilize software loops effectively there must be an event which 
happens only once each time the processor executes the loop. This signal 
can be used to trigger the oscilloscope. Including a single WRITE operation 
in the program allows the R/W signal to be used to trigger the scope. Like- 
wise, careful selection of address in the program will allow use of an 
address line as a scope sync. Finally, lacking anything else, setting and 
resetting a peripheral interface device output pin at the beginning of the 
program provides a very effective sync signal. 
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4.2 SYSTEM DiAGSOSlS USiNC HARDWARE PROGRAMMER AIDS 

In addition Lo the techniques described in which the user applies oscil- 
loscopes and his own Innovative techniques for analyzing data. Rockwell makes 
available to the user several hardware aids which assist in the debugging of 
a microcomputer system and also a software aid called the "Emulator." The 
hardware aids are a Keyboard Input Monitor (KIM) and a Teletype Input Monitor 
(TIM), Each of these aids attempts to reduce the problem of debugging the 
code to the same techniques that are available on a large computer system* and 
each is designed to allow the debugging of microprocessor code without need Co 
resort to scopes or other data^trapplng techniques. 

The basic assumption of each of both the KIM and TIM hardware and the 
Emulator software, is that the microprocessor system is connected correctly* 
that all of the electrical characteristics have already bctin checked and met, 
and that the only problem to be solved is one of debugging programs and I/O 
hardware which have been entered into the microcomputer. 

Each of the hardware techniques assumes that the user will start his 
design sequence with all of his programming being done in some form of random- 
access memory which is loadable from an I/O device, examinable by the I/O 
device, and changeable by the I/O device. This is the normal first step in 
developing a microcomputer system, and one that should be used prior to commit- 
ting any of the hardware to PROMs or alterable memory. The only exception to 
this is if the user is taking advantage of Che software Emulator and if his 
program is such that the Emulator can give him a significant degree of con- 
fidence in his coding. In this case the user of the KIM or TIM devices is 
primarily that of allowing him to have final debugging access to his various 
memory locations . Therefore, the common characteristic of all these approaches 
is that by some technique (in the case of the Emulator by reading on input 
file, in the case of TIM by reading an input tape from the output Cross- 
Assembler, and in the case of KIM loading a program into memory by hand) the 
program has been entered into a program storage. Each of these techniques 
allows the user to initialize various memory and register locations and to 
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"start execution" ot this program at a memory location. Techniques are imple- 
mented which permit the user to stop his program at a particular point and 
analyze the results ot the operations which have just been completed. If the 
results ate correct, the coding between the start point and the stop point is 
correct. If the coding is incorrect, the user analyzes the data which he dis- 
plays by means of the I/O device and the hardware or software that Interfaces 
It, and determines by inspection of the data and analysis of his coding the 
error which could cause the results detected. 

If the technique of merely analyzing coding is insuf ticient, each of 
these systems has the ability to allow the user to go in and re-execute the 
code with new data or the original data, stopping only at earlier stop^points 
until he is able to trap the operation that causes the erroneous data to occur. 
The Emulator has additional features which permit the user to analyze the 
operation of instructions as they occur which is very useful in determining 
which part of the program causes operations to be performed Incorrectly. 

The normal design cycle should actually Include a combination of 
techniques. The user should write his code on a Cross-Assembler and debug 
much of his loops and non-I/O programming using the Emulator. The Emulator 
has been designed Co allow very easy analysis of data paths, loops and per- 
formance of program on a non-hardware basis. It is particularly valuable for 
the user who is developing routines which have significant loop and subroutln- 
ing or any completed algorithm. 

The use of emulation has the following advantages: 

1. It gives the power of a large machine to allow tracing operations 
which are not feasible at the hardware level, 

2. It may indicate prior to the time that the hardware Is committed that 
more memory or more time is required to perform an operation which may 
dramatically change the hardware implementation to be committed. 

In any case, attempting to bring up the microprocessor system without 
assemblers and an interface module such as TIM is not the most efficient use 
of the designer's time. 

For the user who is Just "starting out" with microprocessors, the KIM 
technique is acceptable because the length and complexlbllity of the programs 
to be written should be shorter, and the user can program directly in Hex and 
debug using KIM exclusively. 
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^-2-1 KIM — Keyboard Input Mg^^tor 

KIM allows the user to key In Hex values Into specified memory loca- 
tions and Co monitor results. 

KIM is available to the system designer in several forms. In Its 
simplest form, a single device of the R6530 type Including 1024 bytes of pre- 
programmed ROM may be included as a component in an existing system. The 
array includes a monitor program which provides the following features: 

1. Data input and output control from serial teletypewriters (ASR 33, 
Silent 7O0, etc.) 

2. Data input and system control from a 22-key keyboard 

3. Address and data display on a 6-dlglt, 7-segment type display 

A microprocessor system designed to include the KIM array will allow 
the designer to perform the following operations: 

1. The user may select keyboard (KB) or teletypewriter (TTY) mode 
for entry, display and control. 

2. If in KB node, the user may enter address or data fields from the 
keyboard. The user may display the contents of any address loca- 
tion in the system and can modify the contents of any address loca- 
tion (other than preprogrammed ROM locations). The step operation 
(STEP key) provides a convenient method for displaying the data 
contained in successive memory locations. Program execution may 

be authorized to begin from any selected starting address using the 

RUN key. 

3. If in the TTY mode, the user may obtain a printing of the data at 
any memory location. He can modify the data contained In any 
memory location. Program listing from any start address to any 
end address may be authorized. Paper tapes may be loaded or gen- 
erated automatically. Finally, program execution may be initiated 
from any selected starting address. 

4. In either mode, the user terminates program execution by depressing 
the STOP key to return control of the system to the KIM program. 
Alternatively, a depression of the RST key causes a total reset of 
the system and a return of the system to KIM program control. 
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The KIM array is also available to Che system designer as a part of a 
special desij^n-in subsystem provided in the form of a prlnted-cl rcuit card. 
Included on this card are Che following functional elements: 

1. R6502 microprocessor array 

2. R653O-O02 array (containing the KIM monitor program) 

3. 22-lcey keyboard and mode-select switch 
6-dlglt, 7-segment LED display 

5. 1024 X 8 RAM 

6. R653O-003 array providing an interval timer, 16 I/O pins, and 64 
bytes of RAM 

7. All interface circuits for operation with serial teletypewriters 
This subsystem provides the same operating features described earlier, 

but is supplied as an operating unit requiring the user to provide only the 
+5-volt power supply in order to conmence operating. As a "stand-alone" 
subsystem, the KIM permits the user to enter and debug programs of up to 1024 
steps and to control the action of up to 16 I/O pins. 

For further details on physical and operating characteristics of the 
KIM array and subsystem, the reader la referred to the KTM manual supplied 
separately. 

4.2.2 TIM — Teletype Input Monitor 

TIM is a pre-programmed R6530. Its application is to allow the user 
to interface to an ASCII device such as a Teletype, CRT, Execuport» etc. 
using the ASCII serial coimnunication techniques to communicate to and from the 
the microprocessor. This effectively allows the user to load memory from 
the keyboard or from paper tape or cassetts which are attached to his device. 
By the addition of a single TTL package to the system, TIM can be configured 
so that it is the starting point for the microprocessor, but once the initial- 
ization has been accomplished It transfers Itself out of the start-up mem- 
ory, changes the rest of the microprocessor memory to normal configuration, 
and operates transparent to the microprocessor. 

The proper time for using TIM to develop a microprocessor system is 
primarily after the system is determined to be wiretl correctly by the tech- 
niques already described. TIM is then utilized to debug the user's code by 
allowing the user to input prespecified values, execute portions of the code, 
and examine the results. 
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It should be noted that because I/O devices are extensions of memory 
debugglrift techniques are simplified. They can be configured to control l/O 
devices to test that lights can be llt» switches tested » motors started and 
stopped^ etc. For instance, all of the connections to lights and switches 
can be checked from the teletype keyboard by writing Into the I/O registers 
the appropriate code for turning on the lights. Correct operation of switches 
can be checked without the program running by putting the switches in either 
state and reading the I/O device result Indicated to the programnier • This 
type of checking totally "shakes out'* the I/O connections to make sure the l/O 
device is located in the correct memory address determines that the wiring to 
In the correct memory address* determines that the wiring to the I/O devices is 
correct, and checks on the microprocessor bus. 

A rational technique for applying either TIM or KIM is to interconnect 
the device Into the system to get the microprocessor to pass the single-step 
start-up sequence, and then to use the debugging capability of the TIM prior 
to executing any of the user's code to verify that all Input/output connec- 
tions are correct. In cases concerned with the stopping of the motors and 
other devices which require timing , the proper connection to the motors and 
other devices can be checked without the motor Itself physically being checked 
by disconnecting leads, opening up connectors, and verifying with a 'scope or 
a meter that the microprocessor's Influence at that point is as would be 
expected on a static basis. Therefore, this technique is recommended as the 
second step of a start'-up sequence. 

Significant details arc given in the section on the use of restart or 
start sequence and a single cycle operation to verify the interconnection of 
most of the system. It should be recalled that the instructions were given 
independent of the coding that was available to the progranmer. 

The advantage of using the TIM or KIM in the start-up checkout is that 
there is known code which is guaranteed to be accurate that should be 
evoked during this start-up sequence. By referring to the coding of the ROM 
as it appears in the documentation on the TIM or KIM, the user can apply the 
known sequences from the TIM or KIM program to verify the start-up sequence, 
thereby removing one more variable. Therefore, all initial system check- 
out should be accomplished using TIM or KIM program first in the start-up 



sequence to make sure that the Interconnection to TIM and to memory are cor- 
rect. Then, once the basic operation of TIM has been verified, there is a known 
sequence which TIM will follow dynamically that allows the user to verify that 
TIM is operational. The user should then verify the remainder of the memory 
and I/O connections by writing and reading In the memory locations using the 
debugging feature of the TIM or KIM. This procedure verifies the connection 
and operation of each of the chips of the system as well as all the Intercon- 
nections to all outboard devices. 

Now the problem is truly reduced to making sure that the programmer's 
code is correct and the user's program can be loaded by means of either 
through-the-keyboard or through-the-auxillary devices. 

The program can be debugged as a program rather, with no concern as to 
whether or not the problem Is one of hardware or software* By definition 
other than Incorrect timing to I/O devices, the problem is reduced to one of 

progranmilng mistakes. 

For a more detailed discussion on the progranoiing on TIM, the user Is 
referred to the TIM manual supplied separately. 

43 MICROrROCESSOR START-VP FROCBDVRE 

This section attempts to tie together all of the techniques previ- 
ously discussed into one ordered procedure. This procedure is based on 
experience gained in bringing up systems using processors from several 
different manufacturers- While it is certainly true that no single pro- 
cedure can be expected to catch all of the software and hardware errors that 
can exist in microcomputer systems. It is hoped that this step-by-step 
approach will allow the designer to bring up his system with an absolute 

minimum of difficulty. 

This procedure assumes the existence of Single Cycle and/or Single 
Instruction logic. Any of the System Development tools discussed In Sec 
tlon A. 2 will assist the user in bringing up his system. These devices 
allow convenient entry of test programs as well as modification of the sys- 
tem program and data. 
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Each step in the procedure includes the following Information: 

• Section of the syste* hardware/sof twdre to be checVed, 

• Hardware, fest equipment, etc. required to perform the test. 

• Action to be taken in implementing the test. 

• Expected results. 

• Suggested procedures for analyzing failure nodes. 

It cannot be emphasized too strongly that one must utilize a very 
methodical, step-by-step procedure aimed at solving a single problem at a 
time within the system. It is very easy for several problems to amplify each 
other to such an extent that nothing within the system seems to be operat- 
ing properly. Correcting prob 
complete working system with minimum frustratio 



ems 



4*3.1 System Power 



It is generally recomokcnded that first prototypes of microcomputer 
systems be built using sockets for the ICs (processor, memories* etc.). 
One distinct advantage of this technique Is that it permits the designer to 
verify that V and V-- arc properly connected to each socket before the 

CC S5 

chips are inserted. The V line should be within the tolerances specified 
about the 5 volt nominal relative to V^g. This basic first step can help 
avoid power supply connections which may be fatal to the chips in the system 

After checking power connections with a voltmeter or oscilloscope, to 

insert the processor into its socket and verify that the additional cur- 
rent drain is within specifications for this device. 

Before inserting the other devices, examine the address lines, SYNC 

line and the output clocks to make sure that the processor is generating 

signals. The address lines should be incrementing and the sync line 



should be generating regular, positive going pulses. The RES line and 
the RDY line should be high (> +2.4V) for this test. 

If the processor appears to be operating and power consumption is rea- 
sonable, the rest of the devices in the system can be inserted into their 
sockets . 



4. J. 2 Basic System TimlnR 

Before one can expect a microprocessor system to function, proper 
operation of the basic system timing signals (0p etc.) must be verified 

The most Important of these signals is the system clock. 
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In the 6502, both phases (0j and t^) are available for driving the rest 
of the system. In this system It Is necessary to check the clock timing very 
carefully to assure that the timing of the clock signals within the processor 
Is compatible with that used on the support chips. 

Using an oscilloscope, compare the tf^lnput clock and the 0^ clock 
presented to the support chips to verify that the delay due to clock buffer- 
ing does not exceed the allowable maxiiftum. 

4-3.3 System Reset 

Static and dynamic analysis of the Reset function can provide very 
detailed information on how the system is operating. In fact, it is this 
step which will verify the operation of most of the basic system hardware. 
The tools required are: 

• Single-Cycle/Single»lnstruction Logic 

• Oscilloscope 

• Signal Generator (for Driving RESET) 
STATIC ANALYSIS OF SYSTEM DETAILS 

Depress the HALT button and then the manual RESET switch: then push 
the single-cycle switch six times. This will step the processor through the 
first part of the BRK sequence and into the RESET vector fetch. At this 
time the processor should be generating FFFC on the address bus and the ROM 
should have put the low-order byte of the RESET vector onto the data bus in 
response to this address. This is an excellent time to check the following 
very basic Items: 

1. Address L ines 

Using the oscilloscope, verify that the logic levels on the 
address lines are proper and that they are reflected properly 
through any bus expanders onto the memory and peripheral chips. 
This is a very common circuit fault. 

2. ROM/rROM Chip Select 

Using the oscilloscope, verify that the address FFFC does select 
the ROM which contains the low-order byte of the RESET vector. 
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3, Data Bus 

Using the oscilloscope, verify that the voltages on the data 
bus pins of the processor are proper. It ia important for 
these signals to be analysed at the processor to ensure proper 
operation of any bidirectional bus expanders in the system. In 
this test, the most coranon indicatinn of improper operation of 
the data bus expanders is "floating** processor data bus pins, 
i.e. ft the processor data bus pins are being driven neither high 
nor low because the bus expanders are in the open-circuit condi- 
tion or are reversed. 
4 • Miscellaneous Processor Pins 

Using the oscilloscope, briefly examine the other processor pins 
(R/W, IRQ, NNI, etc.) to assure that there are no voltage level 
problems detectable at this point. Both of the interrupt Inputs 
and the R/W output should be high. Examine the R/W signal on 
the input to the memory and peripheral devices. 
After these initial tests have been performed, it should be possible 
to press the single-step switch once more to fetch the high-order byte of the 
interrupt vector from address FTFD. On the next actuation of the single-cycle 
switch, the processor address bus should contain the RESET vector which was 
fetched from memory. 

At this point, the processor is ready to execute the system initiali- 
zation routine. During Initialization, It can be expected that program mem- 
ory will be accessed, peripheral registers will be loaded, and internal pro- 
cessor registers will be cleared or set to a starting value. It is extremely 
useful to execute this routine one instruction at a time to determine that 
each time program* memory is accessed, the proper instruction is returned* 
However, unless a data trap is provided. It will be more meaningful to utilize 
dynamic analysis techniques to analyze the operation of peripheral devices, 
since most peripheral accesses will be for the purpose of writing either the 
I/O control or the control registers in the peripheral devices, 

DYNAMIC ANALYSIS OF SYSTEM DETAILS 

The general technique of dynamic analysis ia discussed In Section 
4.1.2. The discussion which follows will apply this technique to analyze many 
of the details of the system operation. 
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Set up the system as described in Section ^.1.2. After the test 
equifment is operating properly, most of the system operation can be verified 
using only the oscilloscope. 

ADDRESS BUS VERIFICATION 

The first iten which must be checked Is the specific timing of the 
address lines. These lines will change during the first part of 0^ but after 
the Specified period* they should stabilize and remain stable through the 
rest of the cycle. Figure 4-6a shows the waveform which one should expect 
to see while examining 0^ address lines. In this Illustration, 

one address line is going high and the other Is going low. These lines 
are being generated within the processor and are guaranteed to operate prop- 
erly provided the total loading on the pins is within specifications. 
The most comnon cause of both voltage-level and rise-time problems Is over- 
loading. Voltage-level problems are commonly evidenced by the "zero" level 
being too high, i.e., the address buffer Is being asked to sink too much 
current. Excess capacitance is usually evidenced by the rise and fall times 

being too long (Figure A-6b>. 

In examining the address lines » it is Important that the data be 

examined on the processor and directly on the various support chips. This 

will assure that any bus expanders in the system are operating properly and 

that the addresses are valid where they are actually being used. 

DATA BUS VERIFICATION 

After the addresses have been verified, the next step is to ex- 
amine the data bus to verify the validity of data being transferred both 
from the processor to the support chips and from the support chips back 

Into the processor. 

Figure 4-7 illustrates the waveform which one can expect to see 
on the data bus lines. It Is very important to note that during there 
is no way to predict the voltage on the data bus, since neither the proces- 
sor nor the support chips are driving these lines. However, during 02 
data bus pins should go either high or low. It is only during 02 (higtO 
that the validity of the data can be verified. 
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Address Lines In R650X Systems 
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The Data Bus in R650X Systems 
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Three very Important parameters must be considered when examining 
the data bus* These are the voltage levels, the time at which the data Is 
valid and the delay from the trailing edge of 0^ data becoming invalid. 

1* Voltage Levels 

The logic levels on the processor data bus must always be 
greater than 2.4 volts for a logic 1 and less than 0.4 volts 

■ 

for a logic 0*. This is a very basic concept, but a quick 
check, on these levels very early in the checkout procedure 
can help the designer avoid hours of attempting to make a 
system operate with signals which are actually marginal but 
which on the surface appear to be satisfactory. 

Another very important item to check is whether or not 
the logic "0" voltage is actually going negative (below GND) - 
It Is very important that the logic s ignals going into all 
the chip inputs not be allowed to go below -0.3 volt as 
indicated in the specifications. 

2. Data Valid Time 

The time at which data becomes valid indicates the total 
time which the processor or memory has available to stabil- 
ize the gates and latches used to trap the data within the 
chip. For this reason the data must not take too long to 
reach either a valid high "1" or a valid low "0," Tlie pri- 
mary cause of slow signals on the data bus Is excessive 
loading, cither resistive or capacitive. Carefully check 

the devices which are attached to the bus to nake sure that 
the total loading is within specifications. 

3. Hold ^j-'"^ 

l1iG last important consideration, "liold time," is de( ined as 
the time between the trailing edge of the 0^ pulse and the 
point at which data is no longer valid. A minimum of 10ns 
hold time is required for the processor to trap the 

data into its internal input latches. The processor inter- 
nal pulse is used to gate the contents of the data bus 
into these latches. Hold time is also required by the vari- 
ous support chips within ttie system. Carefully check the 
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signals as they appear on the RAMs , ROMs, etc. to verify that 
eacli Is being operated in accordance with its specification* 

A. 3.4 Detailed Coaponent Check 

After the dynamic check of the reset routine, the next step is to 
attempt to run the system program. The success of this operation will deter- 
mine whether or not a further detailed component check is necessary. It is 
important to note that the checkout of the system program should proceed one 
step at a time in much the same manner as we have approached the hardware 
checkout. If a careful examination has been made of all of the devices, 
data paths, etc. In th« system, the software checkout can proceed under the 
assumption that the hardware is fully operational. However, It is Inevitable 
that doubts will arise. There are times in the software checkout process 
that the program will appear to be incorrect data will not be going 
into memory as it should or, in general, some hardware failure will be 
Indicated. As soon as this happens, the suspected components should be 
examined In detail. In keeping with the policy of "one step or one problem 
at a tine,'* it is important that potential hardware problems not be allowed 
to invalidate the effort being put into the software checkout* 

Component problems can be one of two types; component failure, 
i.e., a part not operating per specifications; or system failure, i.e., a 
part being used wrong In the system. The latter problem can be a result 
of incorrect system design or incorrect wiring. The problem of functional 
components not operating properly in the system is the one which will be 
addressed here. In fact, if there is any doubt about a component being 
functional, it should be replaced limnediately upon verification of proper 
signals to all inputs. If it still does not operate properly, the problem 
is most likely system -related. 

The detailed component clieck Is performed most effectively by load- 
ing a small looping program into the system RAM. For this reason, tlie TIM 
or KIM debug software (see TIM and KIM Manuals) can be of significant 
value in this process. The procedure involves static and dynamic operation 
of a small test program wliich exercises each of tlie components in the sys- 
tem. The goal of this step should be a complete verification that all chip 
selects are operating properly, that all data address lines are operating 
properly, and that the support chips are driving the processor properly. 
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The suggested procedures for checkout of each type of component are discussed 
below, 

1. ROMs (PROMs) 

The most straightforward component In any microprocessor system 
is the ROM. This device simply puts out an 8-bit word onto the 
the data bus in response to an address. Difficulty with ROMs Is 
usually caused by improper chip selects or by misapplication 
of devices which are not part of the R6500 family. For this 
reason, static testing of ROMs is usually a very effective first 
step. This requires entering a teat program into RAM and exe- 
cuting this program using the single-cycle switch. The program 
itself should simply perform a READ (for example, an LDA or LDX 
instruction) of a selected word for each ROM chip to be tested. 
The chip selects can then be examined and» at the same time, the 
address lines presented to the chips can be examined along with 
the data put on the data bus. 

After the chip select, address bus and data bus have been 
verified statically, it may be necessary to execute the same 

test program dynamically to assure that all chips in the system 
are operating at system speed. At this point » it may be neces- 
sary to include a WRITE operation (STA, STX, STY, etc.) in the 
loop to provide a sync signal. 

Analysis of the dynamic operation of the ROMs should involve 
first looking at each address and data bus lines directly on the 
processor chip. It Is here that the address is being generated, 
and it is here that the data must meet a speed specification. 
If data are not valid at the proper time, the next step is to 
determine where excessive delay has been introduced into the 
data path from address output, through the ROM and back Co Che 
processor data bus. It should be kept In mind that It is this 
entire path which must operate at speed to assure proper pro- 
cessor operation. In fact. If the delays are excessive, it may 
be necessary to slow down the system clock rate to allow the 
program data to reach the processor In time. An alternative 
solution to this problem Is the implementation of the RI)Y signal 
to hold the processor for one cycle each time it fetches data 
or program from the ROMs. 



Although the problems discussed above may be encountered at 
this point, it is much more likely that a wiring error will 
cause a single address or data line to be excessively loaded so 
that it operates slowly or not at all. This problem can usually 
be detected and fixed quite easily by looking at each component 
in tike delta path. 
RAMs 

Operation of the RAMs in a microprocessor system can be checked 
in much the same manner as the ROMs. Execution of a test loop 
program both statically and dynamically for each chip in the 
system should be sufficient to verify proper operation of the 
RAMs in the system. For each RAM, both a WRITE and a READ oper- 
ation should be included in the test loop. This will allow 

checkout of data transfers in both directions. 

During single-cycle execution of the test loop, the proces- 
sor will stop only In the RAM read operations. However ^ this 
will allow a static check of the chip select logic and the 
address and data lines. Running the program dynamically will 
allow verification that the data and address signals presented 
to the RAMs during the WRITE operation are within specifica- 
tion for the RAM being used in the system, and that the total 
delays through the address, RAM, and data bus path are within 
specifications for the processor during the READ operations. 
As with the ROMs, the most likely problem to be encountered at this 
point is concerned with wlrinp, errors which cause a specific device 
to operate improperly. A careful check of each pin will enable 
detection of this type of problem. 

PI As 

The peripheral interface devices (6520, 6530, etc.) can all be 
checked out in the manner described above. However, since these 
chips do many different operations, the test program must be 
much more complex than that required for ttie ROM and RAM. 
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However, ic can usually be Limited to ttistiiiH unly tlit^se func- 
tions which are used In the system. 

A large part of the operation of the peripheral interface 
devices can be verified by performing a WRITE followed by a READ 
for each register on the chip. This will permit a complete check- 
out to be made of the data paths between the processor and the 
chips, as well as of all the chip select functions. However, a 
more complete analysis may be required to verify that data are 
appearing properly on the output pins of the peripheral chip, and 
that data on the inputs are bein^ reflected properly back into the 
processor. This will Involve disconnecting the peripheral sub- 
system which the processor is attemptin^^ to drive, and manually 
putting data into the inputs. A separate test can verify the 
validity of output data. 

After the system hardware has been examined to the detailed degree dis- 
cussed above, the designer will have developed confidence that his system 
can operate properly once the system program is completely debugged. Veri- 
fication of the system program should proceed with a section-by-section 
checkout as discussed above. Each subroutine, interrupt routine, etc^ 
should be examined separately. Subroutines, routines, etc. can then be com- 
bined to form the major peripheral operating routines, arithmetic routines, 
etc. which make up the system program. The final result should be a function- 
ing program that has been examined in all of its details, running on a sys- 
tem which is fully operational* 
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SECTION 5 



R6520 PERIPHERAL INTERFACE ADAPTER (PIA) 



The R6520 is a direct pln-for*pin replacement for the Motorola 
N6820 Peripheral Interface Adapter, the "PIA." As such* it meets all of 
the "PIA" electrical specifications and is totally hardware-compatible 
with the M6820. 

The R6520 Is an I/O device which acts as an interface between the 
tnlctoprocessor and peripherals such as printers, displays, keyboards, etc. 
The prime function of the R6520 is to respond to stimuli from each of the 
two worlds it is serving. On the one side, the R65ZO is interfacing with 
peripherals via two 8^bit bidirectional peripheral data ports. On the 
other side, the device interfaces with the microprocessor through an 
8-blt data bus (thi$ is the same data bus discussed at length in 
Section 1.2.2). It is, therefore» simplest to view the basic function of 
the R6520 as Illustrated in the block diagram of Figure 5-1. 
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In addition to the lines described above, the R6520 provides four interrupt 
input/peripheral control lines and the logic necessary for simple, effec- 
tive control of peripheral Interrupts. No external logic is required for 
interfacing the R650X microprocessor to most peripheral devices. Figure 
5-2 shows the R6520 plnout designations for the Peripheral Interface 

Adaptor . 



microprocessor during systems initialization . Each of the peripheral data 




lines is programmed to act as an input or output, and each of the four 

control/ Interrupt lines nay be programed for one of four possible control 

nodes. This allows a high degree of flexibility in the overall operation 
of the interface. 



Some of the more important features of the R6520 are the following: 

• Compatibility with the R6500 microprocessors (CPUs). 

• Eight-bit bidirectional data bus for connunication with 
the microprocessor. 

• TWo 8~bit bidirectional ports for interface to 
peripherals. 

• Two progranmable control registers. 

• Two programmable Data Direction Registers. 

• Four individually controlled interrupt Input lines — 
two usable as peripheral control outputs. 

• Handshake control logic for input and output peripheral 
operation. 

• Hlgh-lmpedance three-state and direct transistor drive 
peripheral lines. 

• Program- controlled Interrupt and interrupt mask capability. 



SJ R6S20 OKGANlZATiON 

Figure 5-3 contains a block diagram of the R6520 showing the 
internal registers and data paths and the various inputs and outputs on 
the device. This section contains a general description of the internal 
organization of Che device* along with a discussion of how the various 
registers affect one another. The following sections discuss the details 
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R6520 Finout Designations, Peripheral Interface Adaptor 

FIGURE 5-2 



5-3 




5-4 



of the inputs and outputs on the chip» along with a detailed discussion of 

the operation of each register. The final section discusses the R6520 

froM an operational viewpoint^ describing the interaction of the register 

bits, input/output lines, etc. 

The R6320 is organized into two Independent sections referred to 

as the "A Side*' and the *'B Side." Each section consists of a Control Regis- 
ter (CRA, CRB) , Data Direction Register (DDRA, DDRB), Output Register (ORA, 
ORB)» Interrupt Status Control and the buffer necessary to drive the Periph- 
eral Interface busses. 

5.1.1 Data Input Register 

When the microprocessor writes data into the R6520, the data 
which appear on the data bus during the Phase 2 clock pulse is latched 
Into the Data Input Register. It Is then transferred into one of six In- 
ternal registers of the R6520 after the trailing edge of Phase 2. This 
assures that the data on the peripheral output lines will not "glitch" — 
i.e., the output lines will make smooth transitions from high to low or 
from low to high, and the voltage will remain stable except when It is 
going to the opposite polarity. 

5-1,2 Control Registers (CRA and CRB) 

The Control Registers allow the microprocessor to control the oper- 
ation of the Interrupt lines (CAl, CA2, CBl, CB2) , and peripheral control 
lines (CA2 , CB2) . A single bit in each register controls the addressing 
of the Data Direction Registers (DDRA, DDRB) and the Output Registers (ORA, 
ORB) discussed below. In addition, two bits (bit 6 and 7) are provided in 
each control register to indicate the status of the interrupt input lines 
(CAl, CA2, CBl, CB2), These interrupt status bits (IRQA. IRQB) arc normally 
Interrogated by the microprocessor during the interrupt service program to 
determine the source of an active Interrupt. These are the interrupt lines 
which drive the Interrupt input (IRQ, NMl) of the microprocessor. The 
other bits in CRA and CRB are described in the discussion of the interface 
to the peripheral device (Section 1,5.4). 

The various bits in the control registers will be accessed many 
times during a program to allow the processor to enable or disable inter- 
rupts, change operating modes, etc, as required by the peripheral device 
being controlled. 
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3.1.3 Data Direction Registers (DDRA, DDRB) 

The Data Direction Registers allow the processor to program each 
line In the 6-blt Peripheral I/O port to act as either an input or an out- 
put* Each bit In DDRA controls the corresponding line in the Peripheral A 
port, and each bit In DDRB controls the corresponding line In the Peripheral 
B port. Placing a "0'* in the Data Direction Register causes the correspond- 
ing Peripheral I/O line to act as an Input, while a "1" causes It to act as 
an output. 

The Data Direction Registers are normally programmed only during 
the system Initialization routine which Is performed in response to a Reset 
signal; however, the contents of these registers can be altered during 
system operation. This allows very convenient control of some peripheral 
devices such as keyboards. 

5.1.4 Peripheral Output Re&isters (ORA, ORB) 

The Peripheral Output Registers store the output data which ap- 
pear on the Peripheral I/O port. Writing an "0" Into a bit in ORA causes 
the corresponding line on the Peripheral A port to go low (< O.AV) If that 
line Is programmed to act as an output. A "1" causes the corresponding 
output to go high. The lines of the Peripheral B port are controlled by 
ORB in the same manner. 

Addressing of these registers is discussed in Section 5.2.4. 

5-1.5 Interrupt Status Control 

The four interrupt/peripheral control lines (CAl , CA2 , CBl, CB2) 
are controlled by the Interrupt Status Control (A, B) . This logic inter- 
prets the contents of the corresponding Control Register, detects active 
transitions on the interrupt inputs and performs those operations necessary 
to assure proper operation of these four peripheral interface lines. The 
operation of these lines is described In detail in Section 5.3*2 

5.1.6 Peripheral Interface Buffers (A, B) and Data Bus Buffers (DBB) 

The Buffers which drive the peripheral I/O ports and the data bus 
provide the current and voltage drive necessary to ensure proper system 
operation and to meet the device specifications. 
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5 J i'KOCESSOM iNTERFACE 

The R6520 Interfaces to the microprocessor with an 8-bit bidlrec- 

tionai data bus* 3 chip-select lines. 2 register-select iines, 2 interrupt 
request lines, read/write line, enable line, and reset line. 

5.2.1 Data Bus (D0-D7) 

The 8-bit, bidirectional data bus allows the transfer of data be- 
tween the microprocessor and the R6320. The data bus output drivers are 
3-state devices that renain in the high impedance state except when the 
microprocessor reads data from the peripheral adapter. This data bus is 
the same as discussed in Section 1.2.2, "Bus Structure." 

5.2.2 Enable (E) 

The Enable input is the only microprocessor Interface timing input 
on the peripheral interface device. All data transfers into and out of the 
R6320 are controlled by this signal. In normal operation, this input 

should be connected to the phase two clock signal. In the case of the 
R6512 through R6513, this is the Phase 2 clock generated externally to the 
microprocessor chip. For on-chip oscillator products the enable pulse 
becomes 02 (OUT) . 

5.2.3 Read/Write (R/W) 

This signal is generated by the microprocessor to control the di- 
rection of data transfers on the data bus. A "low" (< O.AV) on this line 

enables the input buffers (microprocessor Write) » and data are transferred 

from the microprocessor to the R6520 under control of Enable input if the 

device has been chip-selected. A "high" on the R/U line allows the R6520 

to transfer data to the data bus buffers. The data bus buffers are enabled 

when the proper chip-select and Enable signals are present. Figure 1.23 

Illustrates the Read/Write timing. 

5.2.4 Chip Select Lines (CSO. CSl, CS2) 

These three inputs allow the microprocessor to select the proper 
4>eripheral interface device. CSO and CSl nius t be hi gh and CS2 raus t be low 
for selection of the device. Data transfers are then performed under con- 
trol of the Enable and R/U signals. These lines are normally connected to 
the address lines on the microprocessor » either directly or through address 
decoders . 
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As described in Section 5,A*2» a single bit In each Control Reg- 
ister (CRA and CRB) controls access co the Data Direction Register or the 
Peripheral Interface. If bit 2 in the Control Register Is a "I," a Periph- 
eral Output register (ORA, ORB) is selected, and If bit 2 is a "0," the 
Data Direction Register is selected. Internal registers are selected by 
the Register Select lines (RS0> RSI) and the Data Direction Register Access 
Control bit as follows: 



RSI RS0 



1 



1 
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Data Direction 
Register Access 
Control Bit 
CRA- 2 CRB-2 

1 







1 







Register SelecLed 

Peripheral Interface A (See 
Section 5.2*5) 

Data Direction Register A 

Control Register A 

Peripheral Interface B (See 
Section 5.2.5) 

Data Direction Register B 

Control Register B 



If the programmer wishes to write the data into DDRA, ORA, DDRB, 
or ORB» he must first set bit 2 In the proper Control Register. The de- 
sired register can then be accessed with the address determined by the 

address Interconnect technique used . 

5.2,5 Register Select Lines (RSO), (RSI) 

These two register select lines are used to select the various reg^ 
isters inside the R6520. These input lines are used in conjunction with 
Internal control registers to select a particular register that is to be 
accessed by the microprocessor. These lines are normally connected to 
microprocessor address output lines. These lines operate in conjunction 
with the chip-select inputs to allow the microprocessor to address a single 
8-bit register within the microprocessor address space. Hiis register may 
be an internal register (CRA, ORA, etc.) or it may be a Peripheral I/O port* 

The processor can write directly into the Control Registers (CRA, 
CRB), the Data Direction Registers (DDRA, DDRB) and the Peripheral Output 
Registers (ORA, ORB), In addition, the processor can directly read the 
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contents of the Control Registers and the Data Direction Registers. Access- 
ing the Peripheral Output Register for the purpose of reading data baclc into 

the processor operates differently on the ORA and the 0KB registers, and the 

two procedures are discussed separately below. 

READING THE PERIPHERAL A I/O POKT 

The Peripheral A I/O port consists of 8 lines which can be pro^ 
grammed to act as inputs or outputs. When programmed to act as outputs, 
each line reflects the contents of the corresponding bit in the Peripheral 
Output Register. When programned to act as an input, these lines will go 
high or low depending on the input data* The Peripheral Output Register 
(ORA) has no effect on those lines programmed to act as inputs* The eight 
lines of the Peripheral A I/O port therefore contain either input or output 
data depending on whether the line is progranmed to act as an input or an 
6utput. Figure 3-5 illustrates the Interface timing. 

Performing a Read operation with RSI « 0, RSO => and the Data 
Direction Register Access Control bit (CRA-2) = 1, directly transfers the 
data on the Peripheral A I/O lines Into the processor (via the data bus). 
This will contain both the input and output data. The processor must be 
prograiraned to recognize and interpret only those bits which are important 
to the particular peripheral operation being performed. 

Since the processor always reads the Peripheral A 1/0 port pins 
instead of the actual Peripheral Output Register (ORA), it is possible for 
the data read into the processor to differ from the contents of the Periph- 
eral Output Register for an output line. This is true when the I/O pin is 
not allowed to go to a full DC when the Peripheral Output register 

contains a logic 1. In this case, the processor will read a zero from the 
Peripheral A pin, even though the corresponding bit in the PerTpheral Out- 
put register is a 1» 

READING THE PERIPHERAL B I/O PORT 

Reading the Peripheral B I/O port yields a combination of input 
and output data in a manner similar to the Peripheral A port. However, 
data are read directly from the Peripheral B Output Register (ORB) for those 
lines programmed to act as outputs. It is, therefore, possible to load down 
the Peripheral B Output lines without causing incorrect data to be trans- 
ferred back into the processor on a Read operation. Figure 5-6 illustrates 

the timing. 
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The details of the Peripheral A and Peripheral IS ports will be 
discussed in Che next section under the discussion of thp interlace between 
the R652U and the Peripheral Devices. 

5.2.6 Reset (rEs) 

Ttie active low Reset line resets the contents of all R6520 reg- 
isters to a logic zero. This line can be used as a power-on reset iir as a 
master reset during system operation. 

5.2.7 interrupt Re^iacst Line {V^, IKQB) 

The active low Interrupt Request lines (IRQA and IRQJJ) act to 
interrupt the microprocessor either directly or through external interrupt 
priority circuitry. These lines are "open source" (no load device on the 
chip) and are capable of sinking 1.6 milliamps from an external source. 
Tills permits all interrupt request lines to be tied together U\ a "wired-OR"' 
configuration. The "A" and "B" in the titles of these lines correspond to 
the "A" peripheral port and t!ie "B" peripheral port. Hence each interrupt 
request line services one peripheral data port. 

Each interrupt Request line has two interrupt flag hits which can 
cause Che Interrupt Request line to go low. These flags are bits 6 and 7 
in the two Control Registers. These flags act as the link between the 
periplieral interrupt signals and the microprocessor interrupt inputs . £ach 
flag has a corresponding interrupt disable bit which allows the processor 
to enable or disable the interrupt from each of the four interrupt Inputs 
(CAl, CA2, CBl. CB2). 

Tlie four interrupt flags are set by active transitions of the sig- 
nal on the interrupt input (CAl, CA2 , CBl, CB2), Controlling this active 
transition is discussed in the next section under the discussion of the 
interface between the R65Z0 and the peripheral device. 

CONTROL OF IRl^A 

Control Register A bit 7 is always set by an active transition 
of the CAl interrupt input signal. Interrupting from this flag can be dis- 
abled by setting bit in the Control Register A (CRA) to a logic 0. Siml- 
larly» Control Register A bit 6 can be set by an active transition o£ the 
CA2 interrupt input signal. Interrupting from this flag can be disabled hv 
setting bit 3 in the Control Register to a logic 0. 



5-13 



Both bit 6 and bit 7 in CRA are reset by a "Read Pertpheral Out- 
put Register A" operation* This is defined as an operation in which the 
proper cl»ip-select and reftistor-seltitt sLt^nals are provided to allow the 
processor to rt?ad the I*i'r iplieral A I/O port. 

CONTROL OF iRgS 

Control of IrQU is performed in exactly the same manner as that 
described above for IIU^A. Hit 7 in CRB is set by an active transition on 
CUl; interrupting from this flag is controlJed by CRd hit 0. Likewise, bit 
6 in CR13 is set by an active transition on CB2; interrupting from this flag 
is controlled by CRH bit 3- 

Also, both bit 6 and bit 7 arc reset by a "Read Peripl»eral B 
Output Kegi ster" opera t ion . 

SUm\KY : 

IkgA goes low when CRi\-7 - X and CRA-0 *^ 1 o£ when CRA-6 = 1 and 

CRA-3 = 1. 

IRt^B goes low when tRii-7 « 1 and CRB-0 = 1 or when CRB-6 = 1 and 

CRB-3 = 1. 

Tl»c use of these interrupt flags and interrupt disable bits is 
discussed in more detail in Section 3.3. 

It should be stressed at this point that the flags act as the 
1 ink between the per ipheral interrupt signals and the processor interrupt 
inputs. Tlie interrupt disable bits allow the processor to control the 
interrupt f unct ion . 

5 J PERIPHERAL INTERFACE 

The R6520 provides two 8-bit bidirectional ports and four Interrupt/ 
control lines for interfacing to peripheral devices* These ports and the 
associated interrupt/control lines are referred to as the "A" side and the 
"B" side. Etich side has its own unique characteristics and will be dis- 
cussed separately below. 

5.3.1 Peripheral 1/0 PoiLs 

Tlie Peripheral A and Peripheral D L/0 ports allow the rticroproces- 
Ror to interface to the input lines on tlie peripheral device by loading 
data into the Peripheral Output Register. They also allow the processor to 
interface wi tli the per iphera 1 device output 1 ines by read ing the data on 
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the Peripheral Poit input lines directly onto the data bus anJ into the 
internal registers of the processor. 

PERirHERAL A 1/0 PORT (PA(|-PA/) 

As discussed in Section 5.1.3 each of the Peripheral 1/0 lines 
can be programmed to act as an Input or an output. This is accomplished by 
setting a in the corresponding bit in the Data Direction Register for 

those lines which are to act as outputs. A "0'* in a hit of the )h\tn Direc- 
tion Register causes the corresponding Peripheral I/O lines to ;ict as an 
input * 

The buffers which drive the Peripheral A I/O lines contain 

"passive" pull-ups as shown in Figure 5-7a, These pull-up devices are 
resistive in nature and therefore allow the output voltage to go to Vdd for 
a logic I, The switches can sink a full 1.6 ma » making tliese buffers cap- 
able of driving one standard TTL load. 

In the input mode, the pull-up devices shown in Figure 5-7a are 
still connected to the 1/0 pin and still supply ctirrcnt to this pin. For 
this reason, tliese lines represent one standard TTL load in the input mode. 

PERIPHERAL B 1/0 PORT (PB0-PB7) 

The Peripheral H I/O port duplicates many of the functions of 
the Peripheral A port. The process of prograimning tliese lines to act as an 
input or an output has been discussed previously- Also, »he effect of 
reading or writing this port has been discussed. However, there are sev- 
eral characteristics of the buffers driving these lines which affect their 
use in peripheral interfacing* These will be discussed below. 

The Peripheral B 1/0 port buffers are push-pull devices as shown 
in Figure 5-7b. The pull-up devices are switched "OFF" in the "o" state 
and "ON" for a logic 1. Since these pull-ups are active devices, the lu^ic 
"1" voltage is not guaranteed to go higher than +2.4V. They are TTL com- 
patible but are nf>t CMOS compatible. 

However, the active pull-xip iJoviccs can sink up to 1 ma at 1.5V. 
This current drive? capability is provided to allow <lirect cnnncction to 
Darlington transistor switches. Tills permits very simple control o£ relays, 
lamps, etc. 

Because these outputs are designed to drive transistors directly, 
the output data is read directly from the Periplieral Output Register for 
those lines programmed to act as inputs. 
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Tlie final characteristic which is a function of the Peripheral B 
push-pull buffers is the high- impedance input state. When the Peripheral B 
I/O lines arc proRrammed to act as inputs, tUc output buffer enters the high- 
impedance state, J'hese inputs will then have an impedance of greater thnn 
1 ncgolim. 

5,3.2 interrupt Input/Peripheral Control Uncs (CM, CA2, CBl . CB2) 

Th« four interrupt input/peripheral control lines provide a number 
of spec ial pe r Cipher a 1 control functions . These 1 ines greatly enluince tlie 
power of the two general purpose interface ports (PA0-PA7, PB0-PB7) » 

PERIPHERAL A INTERRUPT INPUT/PERIPHERJVL CONTROL LINES (CAl, CA2) 

CAl is an interrupt input only. An active transition of the 
signal on this input will set bit 7 of Control Register A to a logic 1. 
Tlie active transition can be programmed by the microprocessor by setting a 
"0" in bit 1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set 
on a negative transition of the CAl signal or a "1" if it is to be set on a 
positive transition. Note: A negative transition is defined as a trans- 
ition from a higli {> 2.^V) to a low (< 0.4V), and a positive transition is 
defined as a transition from a low to a high voltage. 

Setting the interrupt flag will interrupt the processor tlirough 
IRlJA If bit of CRA is a 1 as described previously. 

CA2 can act as a totally independent interrupt input or as a 
peripheral control output. As an input (CRA, bit 5=0) it acts to set the 
interrupt flag, bit 6 of CRA, to a logic 1 on tho active transition selec- 
ted by bit 4 of CRA. 

These control register bits and interrupt inputs serve the same 
basic function as that described above for CAl, l\\e input signal sets the 
interrupt flag which serves as the link between the peripheral device and 
the processor interrupt structure. The interrupt disable bit allows the 
processor to exercise control over the system interrupts. 

In tlie Output mode (CRA, bit 5 = 1), CA2 can operatp indepen- 
dently to generate a simple pulse each time the microprocessor reads the 
data on the Peripheral A 1/0 port. This mode is selected by setting CRA, 
bit A to a "0" and CRA, bit 3 to a "1." This pulse output can be used to 
control the counters, shift registers, etc* which make sequential data 
available on the Peripheral input lines. 
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A second output mode permits CA2 to be used in conjunction with 
CAl to "handshake" between the processor and the peripheral device. On the 
A side, this technique allovs positive control of data transfers from the 
peripheral device into the microprocessor. The CAl Input signals the pro- 
cessor that data is available by Interrupting the processor. The processor 
reads the data and sets CA2 low. This signals the peripheral device that 

it can make new data available. This technique is discussed in detail in 
Section 3, 

The final output mode can be selected by setting bit U of CRA to 
a 1. In this mode, CA2 is a simple peripheral control output which can be 
set high or low by setting bit 3 of CRA to a 1 or a 0, respectively. 

The operation of CAl and CA2 is sumarlzed in the next section. 

PERIPHERAL B INTERRUPT INPUT/PERIPHERAL CONTROL LINES (CBl, CB2) 

Cfil operates as an interrupt input only in the same manner as 
CAl. Bit 7 of CRB is set by the active transition selected by bit of CRB. 
Likewise, the CB2 input mode operates exactly the same as the CA2 input 
Diodes. The CB2 output modes, CRB, bit 5 <> I, differ somewhat from those of 
CA2. The pulse output occurs when the processor writes data into the Periph- 
eral B Output Register. Also, the "handshaking" operates on data transfers 
from the processor into the peripheral device. 

The operation of CBl and CB2 Is summarized In the next section, 
A more detailed discussion of handshaking on the Peripheral B I/O port is 
contained in Section 3 of this manual. 

5>4 M6520 OPEkATiON 
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5.4.2 R652Q Operation in R650Q Systems 

A brief review of the overall operation of the R652D Bhould 
serve to tie together many of the details dlsciiRKed prevUmsly. 

During the system initialization routine which is executed in 
response to the processor RESET signal, the microprocessor will write 
a pattern of l*s and O's into the Data Direction Registers. This will 
determine those lines which are to act as inputs and those which are to 
act as outputs. 

This pattern will usually be fixed for the system operation. 
Therefore, the next step would be to set tlie various operating modes, 
active transitions, etc, which are controlled by the Control Registers. 
At the same time> the Data Direction Register Access Control Bit can be 
set to a 1 to allow the processor to control the Peripheral Ports during 
system operation. 

The interrupts will normally remain disabled until the entire 
system is initialized. At this time, the interrupts are enabled and full 
system operation begins. 

During system operation, the microprocessor will interrogate the 
switches, sensors, etc* in the peripheral device by reading the data on the 
Periplieral Input lines. Binary or decimal data may be transferred into the 
microprocessor in the same way. At the same time the various lights, motors, 
solenoids, etc. on the peripheral device are controlled by writing data into 
the appropriate bits of the Peripheral Output Registers. The entire sequence 
of operations is determined by the programmer to control a particular periph- 
eral device in a defined manner. Tlie various registers, gates, etc. in the 
Interface Device act primarily as a link between the internal processor oper- 
ations and the various inputs and outputs on the peripheral devices being 
controlled. 
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Rd522 VERSATILE INTERFACE ADAPTER (VIA) 

d.l K^22 OttGANIZATION 

The R6522 Versatile Interface Adapter (VIA) provides all of the capa- 
bility of the R6520. In addJtlon^ this device contains a pair of very powerful 
interval timers, a serlal-to-parallel/parallel-to-serial shift register and 
Input data latching on the peripheral ports, Expanded handshaking, capability 
allows control of bidirectional data transfers between VIAs in multiple 
processor systems* 

Control of peripheral devices is handled primarily through two 8-bit 
bidirectional ports. Fach oF these lines can be programmed to act as either 
an input or an output. Also, several peripheral I/O lines can be controlled 
directly from the interval timers for generating prograramable^f requency square 
waves and for counting externally generated pulses. To facilitate control of 
the many powerful features of this chip, the internal registers have been 
organized Into an interrupt flag register* an Interrupt enable register, and 
a pair of function control registers. 

Figures 6-1 through 6-3 show the R6522 interfacing, plnout designa- 
tions, and block diagram* respectively. 
6.2 PR0CES50K INTERFACE 

This section contains a description of the buses and control lines 
which are used to interface the R6322 to the system processor. 

6.2.1 PViase Two Clock (')>2) 

Data transfers between the R6522 and the system processor take place 
only while the Phase Two Clock is high. In addition, t2 acts as the time base 
for the various timers, shift registers, etc. on the chip, 

6.2.2 Dilp Select Lines (CSl, CS2) 

The two chip select inputs are normally connected to processor 
address lines either directly or through decoding. The selected R6522 regis- 
ter will be accessed when CSl Is high and CS2 is low. 
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6.2.3 RfiRister Select Lines (RSO, RSI, RS2, RS3) 

The four Register select lines are normally connected to the proces- 
sor address bus lines to allow the processor to select the Internal R6522 

The sixteen possible combinations access 
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6.2.^ Read/Write Line (R/W) 

The direction of data transfers between the R6322 and the system 
processor is controlled by the R/y line. If R/U" is low, data will be trans- 
ferred out of the processor into the selected R6322 register (write operation). 
If R/17 in high and the chip Is selected* data will be transferred out of the 
R6322 (read operation). 

6-2.5 Data Bus (DB O - DB7) 

The eiftht bidirectional data bus lines are used to transfer data 
between the K6522 and the system processor. The internal drivers will remain 
in the high* impedance state except when the chip is selected (CSl 1, 
^S2" - 0)p Read/Write is high, and the Phase Two Clock is high. At this time, 
the contents of the selected register are placed on the data bus. When the 
chip is selected, with Read/Write low and et»2 » 1, the data on the data bus 
will be transferred Into the selected R6322 register. 

6.2.6 Reset (R£S) 

The Reset Input clears all internal registers to logic (except Tl , 
T2 and SR) , This places all peripheral interface lines in the input state, 
disables the timers, shift register, etc. and disables interrupting from the 

chip. 

6.2.7 Interrupt Request (IRQ) 

The Interrupt Request output goes low whenever an internal interrupt 
flag is set and the corresponding interrupt enable bit is a logic 1. This 
output is "open-drain" to allow the interrupt request signal to be "wirc- 
OR'ed" with other equivalent signals in the system. 
6 J PERIPHERAL INTERFACE 

This section contains a description of the buses and control lines 
which are used to drive peripheral devices under control of the internal R6322 
registers. The operation of these peripheral interface lines is described in 
detail In subsequent sections. 
6.3.1 Peripheral A Port (FAQ - PA7) 

The Peripheral A port consists of eight lines which can be individ- 
ually progrananed to act as an input or an output under control of a Data 
Direction Register. The level of output pins is controlled by an Output 
Register and input data can be latched into an internal register under con- 
trol of the CAl line, 
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All of these modes of operation are controlled by tht; system proces- 
sor through the Internal control registers- 

6.3.2 Peripheral A Control Lines (CAl, CA2) 

The two peripheral A control lines act as Interrupt inputs or as r 
handshake pair» one input and one output. Each lino controls an internal 
interrupt flag with n corresponding Interrupt enable bit. In addition, CAl 
Controls the latching of datj on Peripheral A Port input lines. The various 
modes of operation are controlled by the system processor through the inter- 
nal Control Registers. 

6.3.3 Peripheral B Port (PB - Ph?) 

The Peripheral B port consists of eight b idirect ionn L lines which are 
controlled by an output register and a data direction register in the same 
manner as the PA port. These lines represent one standard TTl. load in the 

input mode and will drive* one standard TTL load in the output mode. In ad- 
dition, they are capable of sourcing 1.0 ma at 1.5 VDC in the output mode to 
allow the outputs to directly drive DarUngton transistor switches. In ad- 
dition, tlie polarity of the PB7 output signal can be controlled by one of 
the interval timers while the second timer can he programmed to count pulses 
on the PB6 pin. 

6. 3.4 Peripheral B Control Lines (CBl, 0B2) 

* ^ . 

The Peripheral B control lines act as interrupt inputs or as a hand- 
shake pair, one input, and one output. As with CAl and CA2, each line 
controls an interrupt flag with a corresponding interrupt enable bit. These 
lines represent one standard TTL load in the input mode and will drive one 
standard TTL load in tlie output mode. In addition, tliey are capahle oi 
sourcing 1.0 ma at 1.5 VI>C in the output mode to allow the (uitputs to dir- 
ectly drive Darlington transistor switches. In addition, these lines iut as 
a serial port under control of the Shi ft Register. 
6 J OFEttATWN 

This section contaiiis a discussion of the various l»tock.K of logic 

shown in Figure 6-3. In addition, the internal operation of the R6522 Is 

described in detail. 

Data Bus Buffers (1)B), Peripheral A Buffers (PA), Pt-ripheral B 
Bufiers (PB) 

Tlic characteristics of tlie buffers which provide the required voltage 
and current dr i V€* cap3b ility were cliscti-ss pel in t Ik' |» re v i oiis s t^r 1 1 on ■ 
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Perlpherai Output Buffers 
FIGURE 6^ 

6.4.2 Qiip Access Control 

The Chip Access Control contains the necessary logic to detect the 
chip select condition and to decode the Register Select inputs to allow access^ 
ing the desired internal register. In addition* the R/U and ^2 signals are 
utilized to control the direction and timing of data transfers. When writing 
into the R6522, data are first latched into a data input register during ^2. 
Data are then transferred Into the desired Internal register during Phase 2 
Chip Select. This allows the peripheral l/O line to change without "glltch- 
ing." When the processor reads the R6522» data are transferred from the 
desired internal register directly onto the Data Bus during Phase 2 hij;|i, 
6.4-3 Port A Registers, Port B Registers 

Three registers are used in accessing each of the 8-bit peripheral 
ports. Each port has a Data Direction Register (DDRA, DDRB) for specifying 
whether the peripheral pins are to act as inputs or outputs. A "0" In a bit 
of the Data Direction Register causes the corresponding peripheral pin to act 
as an input. A *'l** causes the pin to act as an output. 

Whi*n the pin Is progranmied to act as an output, tho voltage on tlie 
pin is controlled by the corresponding hit of tiie Output Register (ORA, 
ORB). A "1" in tlie Output Register causes the pin to go high, and a "0" 
causes the pin to go low. Data written into Output Rogistor hi Is corres- 
ponding to pins prograiTimcd to act as inputs wi II hi." uu.if footed. 



6-6 



Reading a peripheral port causes Llio contents of the Input Register 
(IRA, IKK) to be transferred onto the Data Bus. With input latctiinK disabled, 
IRA will always reflect tlie data on the PA pJns. With input latching enabled 
(ACR, bit 0), setting the CAl Interrupt Flag (IFRL) by an active transition on 
CAl , will cause IRA to latch the contents of the Port A pins until the In- 
terrupt Flag is cleared. 

The I KB register operates in a similar manner. However, for output 
pins, the corresponding iRft bit will reflect the contents of the Output Reg- 
ister bit instead of the actual pin. This allows proper data to be read into 
the processor if the output pin is not allt»wed to go to full high voltage, 
e.g., driving transistors. If input latching is enabled on Port B, setting 
the CBl Interrupt Flag will cause IRB to latch this combination of input data 
and ORB data until the Interrupt Flag is cleared. 
6.4.4 Handshake Control 

The R6322 allows positive control of data transfers between the 
system processor and peripheral devices through the operation of "handshake" 
lines. Port A lines (CAl, CA2) handshake data on both a read and a write 
operation while the Port B lines (CBl, CB2) handshake on a write operation 

only. 

READ HANDSHAKE 

Positive control of data transfers from peripheral devices into the 
system processor can be accomplished effectively using "Read" hand- 
shaking. In this case, the peripheral device must generate "Data Ready" to 
signal the processor that valid data is present on the peripheral port. This 
signal normally interrupts the processor, which then reads the data, causing 
generation of a "Data Taken" signal. The peripheral device responds by making 
new data available. This process continues until the data transfer is 

complete. 

In the R6522, automatic "Read" handshaking is possible on the 
Peripheral A port only. The CAl interrupt input pin accepts the "Data Ready" 
signal and CA2 generates the "Data Taken" signal. The Data Ready signal will 
set an internal flag which may interrupt the processor or which can be polled 
under software control. The Data Taken signal can be either a pulse or a DC 
level which aS set low by the system processor and is cleared by the Data 
Ready signal. These options are shown in Figure 6-5 which illustrates the 
normal Read Handshaking sequence. 
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NOTES: 



I. SIGNALS "DATA AVAILABLE" TO THE SYSTEM PROCESSOR 



2. R/W « K CS2 « f. est « I. R53 = RS2 = 0, RSI - 0. 

Read Handshake Timing Sequence 

FIGURE 6 5 



=1 



WRITE HANDSHAKE 

The sequence of operations which allows handshaking data from the 
system processor to a peripheral device is very similar to that described in 
Section A for Read Handshaking. However, for "Write" handshaking, the proc- 
essor must generate the "Data Ready" signal (through the R6522) and the 
peripheral device must respond with the "Data Taken" signal. This can be 
accomplished on both the PA port and the FB port on the R6522, CA2 or CB2 
acts as a Data Ready output in either the DC level or pulse mode and CAI or 
CBl accepts the "Data Taken" signal from the peripheral device, setting the 
interrupt flag and clearing the "Data Ready" output. This sequence is 
shown in Figure 6-6 , 
6.4.5 Timer 1 

Interval Timer TI consists of two 8-blt latches and a 16-bit counter. 
The latches are used to store data which are to be loaded into the counter. 
After loading, the counter decrements at system clock rate, i^e*. under con-* 
tro] of the* clock applied to the Phase Two input pin. Upon reaching zero, an 
interrupt flag will be set, and IR(j will go low if enabled. The timer will 
then disable any further interrupts, or will automatically transfer the con- 
tents of the latches into the counter and will continue to decrement. In 
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NOTES: 

1. R/W - 0, CS2 5= i, CSl = I, RS3 = 0. RS2 = 0, R$t = 0, RSd = I. 

2, SIGNALS "DATA TAKEN" TO THE SYSTEM PROCESSOR. 

Write Handshake Timing Sequence 

FIGURE 6-6 

addition, the timer can be Instructed to invert the output signal on 
peripheral pin PB7 each time it "t imcH-oiit . " Kach oi these modes is dis- 
cussed separately below. 
WRITiNC THE TIMER 1 REGISTERS 

The operations which take place when writing to each of the four 
Tiller 1 addresses are as follows: 



RS3 



L 



L 



RS2 



H 



H 



H 



H 



RSI 



L 



H 



H 



RSO 



Operation (R/v7 = L) 



H 



H 



Write into low-order latch. 



Write into high-order latch 
Write into high-order counter. 

Transfer low-order latch into low order counter 
Reset Tl interrupt flag.(IFR6) 



Write low-order latch. 



Write high-order latch. 

Reset Tl interrupt flag. (IFR6) 



Note that the processor does not write directly into the low-order 
counter (TIC-L) . Instead, this halt of the counter is loaded automatically 



from the low-order latch when the processor writes into the high-order counter. 
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In fact, it may not be necessary to write to the low-order counter In some 
applications since the timing operation is triggered by writing to the high- 
order counter. 

The second set of addresses allows the processor to write into the 
latch register without affecting the count-down in progress. This is dis- 
cussed in detail below. 
READING THE TIMER 1 REGISTERS 

For reading the Timer 1 registers, the four addresses relate directly 
to the four registers as follows: 



RS3 


RS2 


RSI 


RSO 


Operation (R/V « H) 


L 


H 


L 


L 


Read Tl low-order counter. 
Reset Tl interrupt fl.ig (IFR6) 


L 


H 


L 


H 


Read Tl high-order counter. 


L 


H 


H 


L 


Read Tl low-order latch. 


L 


H 


H 


H 


Read Tl high-order latch. 



TIMER 1 OPERATING MODES 

TWo bits are provided in the Auxiliary Control Register to allow 
selection of the Tl operating nodes. These bits and the four possible nodes 
are as follows : 



1 ACR7 
Output 
Enab 1 e 


ACR6 

"Free-Run" 
Enable 


Mode 








' 

Generate a single time-out Interrupt each time Tl 
is loaded. PB7 is disabled. 





1 


Generate continuous interrupts. PB7 is disabled. 


1 





Generate a single interrupt and an output pulse on 
PB7 for each Tl load operation. 


1 


1 


Generate continuous interrupts and a square-wave 

output on FB7. 

^ — — — — — 1 
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TIMER 1 ONE-SHOT MODE 

The interval timer one-shot mode allows generation of a single 
interrupt for each timer load operation. As with any Interval time, the 
delay between the "write TlC-H" operation and generation of the processor 
interrupt is a direct function of the data loaded into the timing counter. 
In addition to generating a single interrupt. Timer 1 can be prograimned to 
produce a single negative pulse on the PB7 peripheral pin. With the output 
enabled (ACR7=1) a '*wrlte TIC-K" operation will cause PB7 to go low. PB; will 

return high when Timer 1 times out. The result Is a single prograsmable 
width pulse. 

NOTE 

The FB7 output enable function will over-ride bit 7 of 
the Data Direction Register B. PB7 will act as an output 
If DDRB7-1 or If ACR7-1 . 

4 

In the one-shot mode, writing into the high-order latch has no effect 
on the operation of Timer 1. However, it will be necessary to assure that 
the low-order latch contains the proper data before initiating the countdown 
with a "write TIC-H" operation. When the processor writes into the high-order 
counter, TIL-H will also copy the data, the Tl Interrupt flag will be cleared, 
the contents of the low-order latch will be transferred into the low-order 
counter, and the timer will begin to decrement at system clock rate. If the 
PB7 output is enabled, this signal will go low on the phase two following the 
write operation. When the counter reaches zero, the Tl interrupt flag will 
be set, the IRQ pin will go low (Interrupt enabled), and the signal on PB7 
will go high. At this time tlie counter will continue to decrement at system 
clock rate. This allows the system processor to read the contents of tite 
counter to determine the time since interrupt. However, the Tl Interrupt flag 

cannot be set again unless a **wrlte TlC-H" operation has taken place. 

Timing for the R6522 interval timer one-shot mode is shown In 
Figure 6-7. 

TIMER 1 FREE-RUNNING MODE 

The most important advantage associated with the latches in Tl is 
the ability to produce a continuous series of evenly spaced Interrupts and 
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Interval Timer 'One-Shof* Mode Timing Sequence 

FIGURE 6-7 



the ability to produce a square wave on PB7 whose frequency is not aftected 
by variations In the processor interrupt response time. This is accomplished 
in the '*f ree-runnlng" node. 

In the f riSe-running mode (ACR6 l)« the interrupt flag is set and 

the signal on PB7 is inverted each time the counter reaches sero. However, 
instead of continuing to decrement from zero after a time-out, the timer auto- 
matically transfers the contents of the latch into the counter (16 bits) and 
continues to decrement from there. The interrupt flag can be cleared by 
writing TIC-H, by reading TIC-L, or by writing directly into the flag as 
described below. However, it is not necessary to rewrite the timer to enable 
setting the interrupt flag on the next time-out. 

All interval timers in the R6500 family devices are "re-triggerable," 
Rewriting the counter will always re-initiallze the time-out period. In fact* 
the time-out can be prevented completely If the processor continues to rewrite 
the timer before It reaches zero. Timer 1 will operate in this manner if the 
processor writes into the high-order counter (TlC-H) . However, by loading the 
latches only, the processor can access the tinier during each down-counting 
operation without affecting the time-out in process. Instead » the data loaded 
into the latches will determine the length of the next time-out period. This 
capability is particularly valuable in the free-running mode with the output 
enabled. In this mode, the signal on PB7 is inverted and the interrupt flag 
is set with each time-out. By responding to the Interrupts with new data for 
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Che latches, the procesHor can determine Che period of the next half cycle 



complex pulse width modulated waveforms can be generated. Timing for the 
free-running mode is shown in Figure 6-8. 
6*4.6 Timer 2 

Tltaer 2 operates as an interval timer (in the "one-shot" mode only), 
or as a counter for counting negative pulses on the PB6 peripheral pin. A 
single control bit is provided in the Auxiliary Control Register to select 
between these two modes. This timer is comprised of a '*write-only" low-order 
latch (T2L-L)» a "read-only" low-order counter and a read/write high-order 
counter. The counter registers act as a 16-blt counter which decrements at 
^2 rate. 



during each half cycle of the nutput signal on PB7 . 



in this manner, very 



SYSTEM CtOOC 



WRITE TIC H 
OPERATION 



moUTfUT 





N ♦ 1 .5 CYCLES N + 2 CYCLES 




Timer I Free-Runninff Mode 

FIGURE 6-S 
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Timer 2 addressing can be summarized as follows; 



RS3 


RS2 


RSI 


RSO 


R/W " 


R/W - 1 


H 


L 


L 


L 


Write T2L-L 


Read T2C-L 

Ciear Interrupt flag 


H 


L 


L 




H 


Write T2C-H 

Transfer T2L-L Lo T2C-L 

Clear Interrupt flag 

— — 


Read T2C-H 



TIMER 2 INTERVAL TIMER MODE 

A3 an interval timer, T2 operates in the *'one-shot" mode similar to 
Timer 1. In this mode, T2 provides a single interrupt for each "write T2C-H*' 
operation. After timing out ^ the counter will continue to decrement. However, 
setting of the interrupt flag will be disabled after initial time-out so that 
it will not be sec by the counter continuing to decrement through zero. The 
processor must rewrite T2C-H to enable setting of the interrupt flag. The 
interrupt flag Is cleared by reading T2C-L or by writing T2C-H. Timing for 
this operation is shown in Figure 6-9, 
TIMER 2 PULSE COUNTING MOW^ 

In the pulse counting mode, T2 serves primarily to count a pre- 
determined number of negative-going pulses on PB6. This is accomplished by 
first loading a number Into T2. Writing into T2C-H clears the interrupt flag 
and allows the counter to decrement each time a pulse is applied to PB6, The 
interrupt flag will be set when T2 reaches zero. At this time the counter 
will continue to decrement with each pulse on PB6. However, it is necessary 
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to rewrite T2C-H to allow the Interrupt flag to aet on subsequent down- 
counting operations* Timing for this mode Is shown In Figure 6-10. 

6,4.7 Shift Register 

The Shift Register (SR) performs serial data transfers Into and out 

of the CB2 pin under control of an internal modulo-A counter. Shift pulses 

can be applied to the CBl pin fron an external source or, with the proper aode 

•election, shift pulses generated internally will appear on the Cfil pin for 

controlling shifting in external devices. 

The control bits which allow control of the various shift register 

operating vodes are located In the Auxiliary Control Register. These bits can 
be set and cleared by the system processor to select one of the operating 
■odes discussed In the following paragraphs. 
SHIFT REGISTER INPUT MOPES 

Auxiliary Control Register ACM selects the shift register Input or 
output mode. There are thrive input mtxJe.s and four output nK»dcs, differing 
primarily in tlic source of the pulses which control the shifting operation. 
With ACR4*=0 the input modes are selected by ACR3 and ACR2 as tollows: 



ACR4 


ACR3 


ACR2 















Shift 


Register Disabled 








1 


Shift 


in under Control of Timer 2 





1 





Shift 


in at system clock rate 





1 


1 


Shift 
Input 


In under Control of External 
Pulses 



All Shift Register inputs are sampled into the Shift Register durln>; 
the 02 low Immediately following the detection of the shift clock rising 
transition. This detection occurs during 02 high, 
MODE 000 - SHIFT REGISTER DISABLED 

The 000 mode Is used to disable tbv Shift Register, In tliis mode 
the microprocessor can write or read the SR, but the shifting operating is 
disabled and operation of CBl ;md CB2 is controlled by the appropri.Ue hits 
In the Peripheral Control Register (PCR) . )n this mode the SR Interrupt Flag 
Is disabled (held to a logic 0). 
MODE 001 - SHIFT fN UNDER CONTROL OK TIMER 2 

In tills mode tiie slilftlng rate Is contrt)lled by the low-order ciMht 
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bits of T2, Shift pulses are generated on Lhe CBl pin to control shifting In 
extL'rnai Ucvlccs, The time between transitions of this output clock is a 
function of the system clock period and the contents of the low-order T2 latch. 

The shifting operation is triggered by writing or reading the Shift Reg- 
ister, Data are shifted first into the low-order bit of SR and are then shifted 
into the next-higher-order hit of the Slilft Register on the trailing edge of 
each clock pulse. As shown in Figure 6-10, the input data should change on 
tlie negative edge of the clock pulse. These data are loaded into the Shift 
Register during the system clock cycle following the positive edge ot the clock 
pulse. After eight clock pulses« the Shift Register Interrupt Flag will be set_ 
mi)K 010 - SHIFT IN AT SYSTEM CLOCK RATE 

In this mode the shift rate is a direct function of the system clock 
frequency. CBl becomes an output which generates shift pulses for controlling 
external devices. The shifting operation is triggered by reading or writing 
the Shift Register. I)at;> are shifted first Into bit and are then shifted 
into tlie next-h Lgher-order bit of the Shift Register on the positive edge of 
each clock pulse. After nine clock pulses, the Shift Register Interrupt Flag 
will be set, and the output clock pulses on CBl will stop. Figure 6-11 
illustrates this timing. 

SVJrrEM CLOCK 

WRITE OR 

READ SHIFT 
REGISTER 

CB2 

INPUT DATA 
CBl 

SHirr CLK 
IRQ 



Shift in in Under Control ofT2 

FIGURE 610 
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MODE Oil - SHIFT IN UNDER CONTROL OF BXTERNAL CLOCK 

In this mode CBl becomes an input, lliis allows an external device 
to load the shift register at its own pace. The shift register counter will 
interrupt the processor each time 8 bits have been shifted in. However, the 
shift register counter does not stop the shifting operation; it acts simply 
as a pulse counter, Reading or writing the Shift Register resets the Inter- 
rupt flag and Initializes the SR counter to count another eight pulses. 

Note that data are shifted during the first yystetn clock cycle ful- 
lowlng the positive edge of the CBl shift pulse. Kur this re.iKon, tJnta 
must be held stable during the first full cycle following CBl going liigh. 
Timing for this operation is illustrated in Figure 6-12* 
SHIFT REGISTER OUTPUT MODES 

The four shift register output modes are selected by setting tl»e 
Input/output control bit (ACRA) to a logic 1 and then selecting the specific 
output mode with ACR3 and ACR^. In each of these modes the shift register 
shifts data out of bit 7 to the CB2 pin. At the same tlrae the contents of 
bit 7 are shifted back into bit 0. As in the input modes, CBl is used cither 
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as an output to provide shifting pulses out or as an input to allow shifting 
from an external pulse. The four modes are as follows: 

ACR4 f ACR3 ACR2 Mode 



1 



1 1 



Shift Out - Free-Running Mode. 
Shift Rate Controlled by 12. 

Shift Out - Shift Rate Controlled 
by T2. 



I 1 Shift Out at System Clock Rate. 



1 I 1 



Shift Out Under Control of an External 
Pulse. 



All sliift register outputs are set during 02 low immediately following 
the transition (falling) of the shift clock 1. This occurs during 02 high. 
n>m lOO FREE-RUNNING OUTPUT 

This mod** is very similar to mode 101 in which the shifting rate Is 
set by T2. However, In mode 100 the SR Counter does not stop the shifting 
operation. Since tlie Shift Register hit 7 {SR7) is recirculated back into 
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bit 0, the eight bits loaded into the Shift Rcglfitcr will be clocked onto 
CB2 repetitively. In this mode the shift register counter Is disabled. 
MODE 101 - SHIFT OUT UNDKR CONTROL OF TIMER 2 

In this mode the shift rate is controlled hy Timer 2, However^ with 



each read or write of tfie Shift Register the SR Cotinter is reset and 8 bits 
are shifted onto CB2. At the same time, eiglit stiift pulses are generated on 
CBl to control shifting in cxtern;il devices. After tlie eight slifft pulses, 
the shifting is disabled, and the SR Interrupt Flag is set. If the Shift 
Register Is reloaded before the last time-out, the shifting will continue. 
This sequence Is illustrated in Figure 6-13, 
MODE 110 - SHIFTING OUT AT SYSTEM CLOCK RATE 

In this mode the shi ft register opera t ion is similar to that of mode 
101. However, the shifting rate is a function of the system clock on the 



chip enable pin (02) and is independent of T2. Timer 2 resumes its normal 
function as an independent interval timer. Figure 6-14 illustrates the 
timing sequence for mode I 10. 



PHASE TWO 
CLOCK 

WRITE SR 
OPERATION 

OirrPUT DATA 
<CB2) 

output clock 
TiEq 







NOTE: DATA OUT DETERMINED BY CB2 CONTROL IN PCR: 



Shifting Out UftJer Control ofT2 

FIGURE 6-/J 
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PIIASt: TWO 
C LOC K 



JTJTJTJTJIJTJTJIJTJIJTJ^^I^^ 



WRITE SK 
OPERATION 




CLOCK our 

(CBII 




DATA OUT 
(CBZ) 




Shifting Out Under Control of System Clock 

FIGURE 6-14 



MODE 111 - SHIFT OUT UNDER CONTROL OF A» EXTERNAL PULSE 

In this mode, shifting is controlled by pulses applied to the CBI 
pin by an external device. The SR counter sets the SR Interrupt flag each 
time it counts eight pulses but It does not disable the shifting function. 
Each time the microprocessor writes or reads the shift register, the SR 
Interrupt flag is reset and the SR Counter is initialized to begin couting 

the next eight shift pulses on pin CBl. After eight shift pulses, the inter- 
rupt flag is set. The microprocessor cm then load the shift register with 
tiie next byte of data. 

Figure 6-15 illustrates the timing sequence for mode 111. 
6,4.8 Interrupt Control 

Controlling interrupts within the R6322 involves three principal 

operations ; f laggi ng the interrupts , enabling interrupts , and signalling to 
the processor that an active interrupt exists within tlie chip. Interrupt flags 
are set by interrupting conditions which oxist within the chip or on inputs to 
tlie chip. These flags normally remain set until the interrupt has been 
service'l. To determine the source of an interrupt, the mirroprnresnor must 



I 
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WRITE SR 
OPERATION 




INPirr CLK 
<CBU 




OUTPUT DATA 
(CR2) 




IRQ 




Shifting Out Under Control of External Clock 



FIGURE 615 



examine these flags in order from highos t to lowes t priority. This is accori- 
plished by reading the flag reigs ter into the processor accumul ator , shi f t ing 
this register either right or left and then using condi tional branch instruc- 
tions to detect an active interrupt. 

Associated with each interrupt flag is an interrupt enable bit. 

This bit can be set or cleared by the processor to enable interrupting the 
processor from the corresponding interrupt flag. If an Interrupt flag is set 
to a logic 1 by an interru]iting condition, and tlie corresponding interrupt 
enable bit is set to a 1 , cl»e Interrupt Request Output (IRQ) will go low. IRQ 
is an *'open-collector" output which can be "wi re-or ' ed" with other devices in 
the system to interrupt the processor. 

In tlie R6522, all the Interrupt flags are contained in one 

register. In addition, bit 7 of tliis register will be read as a logic 1 when 
an interrupt exists within the clitp. This permits very convenieiit ptilling of 
several devices witl^in a system to locate tlie source of an interrupt. 
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7 


6 


5 


4 


3 


2 


1 





Interrupt 
Flag 

Register 


IRQ 


Tl 


T2 


CBl 


CB2 


SR 


CAl 


CA2 


Interrupt 

Enable 

Register 


Set/ 

clear 
control 


Tl 


T2 


CBl 


CB2 


SR 


CAl 


CA2 



INTERRUPT FLAG REGISTER 

The IFR is a read/ 1 imlted write register. When the proper chip select 
and register signals are applied to the chip, the contents of this register 



are placed on the data bus. Bit 7 indicates the status of the IRQ output. 

This bit corresponds to the logic function: IRQ - IFR6 X IER6 + IFR5 X IER5 + 

1FR4 X lERA + IFR3 X IER3 + IFR2 X IER2 + IFRl X lERl + IFRO X lERO. 
Note: X = logic AND, + = Logic OR. 



Bit # 







1 



2 



3 



4 



5 



6 



Bits six through xero are latches which are set and cleared as 



follows : 



Set by 



Active transition of the signal on 
Che CA2 pin. 



Active transition of the signal on 
the CAl pin. 



Completion of eight shifts 



Active transition o£ the signal on 
the C»2 pin. 



Active translton of the signal on 
the CBl pin* 



Time-out of Timer 2. 



Time-out of Timer 1. 



Cleared by 



Reading or writing the A Port 
Output Register (ORA) using 
address 0001. 



Reading or writing the A Port 
Output Register (ORA) , using 
address 0001 , 



Reading or writing the Shift 
Register. 



Reading or writing the B Port 
Output Register. 

Reading or writing the B Port 
Output Register. 

Reading T2 low order counter or 
writing T2 high order counter. 



Reading Tl low order cour;.er or 
writing Tl high order latch 
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In addition to the clearing operations shown in the table, individ- 
ual bits in the IFR can be cleared by writing Into the register. A logic 1 
in the data word written Into the IFR will clear the corresponding interrupt 
flag. A zero in this word will leave the corresponding flag untouched. Set- 
ting the flags occurs only from interrupting conditions within the chip. 

The IFR bit 7 is not a flag. Therefore, this bit is not directly 
cleared by writing a logic 1 into It. It can only be cleared by clearing all 
the flags in the register or by disabling all the active Interrupts as dls- 
cuBsed in the next section. 
INTERRUPT ENABLE REGISTER (lER) 

For each interrupt flag in IFR, there is a corresponding bit in the 

Interrupt Enable Register (lER) . The system processor can set or clear 
•elected bits in this register to facilitate controling individual Interrupts 
without affecting others. If bit 7 of the data placed on the system diita 
bus during the write operation is a 0, each 1 in bits 6 through clears 
the corresponding bit in the Interrupt tnable Register. For each zoro Ln 
bits 6 through 0, the corresponding bit is unaffected. 

Setting selected hits in the Interrupt Enable Register Is accom- 
plished by writing to the same address with bit 7 In the data word set to 
a logic 1. In this case, each 1 in bits 6 through will set tlie correspond- 
ing bit. For each zero» tlic corresponding bit will be unaffected. This 
individual control of tl»c setting and clearing operations allows very 
convenient control uf interrupts during system operatiiMK 

In addition to sotting and clearing lER bits, the processor can 
read the contents of this register. Hit 7 will be read as a logic 0. 
6.^.9 Function C\uitrol 

Control of the varifMis riin**tions and ofU'rating modes within lh<* Rb57? 
is accompl ished pr iinar i I y t h rtiu^ii i wo r€»g i s l ers , the Prr i phi^ra I rt) 1 

Register (PCR), and the Auxiliary Control Register (ACR) . The PCK is used 
prinarily to select tlie operating m*)de for the four peripheral rontrcil pins. 
The Auxiliary Control Register selects the operating mode for the interval 
timers (Tl, T2) , and the serial port (SR) . 
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PERIPHERAL CONTROL REGISTER 

The Peripheral Control Register Is organized as follows 



Bit No, 



Function 



7 



6 



5 



CB2 Control 



CBl 

Control 



3 



2 








CA2 Control CAl 

Control 



Each of these functions Is discussed In detail below. 



I. CAl Control 

Bit of the Peripheral Control Register selects the active 
transition of the input signal applied to the CAl interrupt input 
pin. If this bit is a logic 0, the CAl interrupt flag will be set 
by negative transition (high to low) of the signal on the CAl 
pin. If PCRO is a logic 1, the CAl interrupt flag will be set by 
a positive transition (low to high) of this signal. 



2- CA2 Control 



prograBined 



as a peripheral control output. As an input, CA2 operates in two 
modes, differing primarily in the methods available for resetting 
the interrupt flag. Each of these two input modes can operate 
with either a positive or a negative active transition as described 

above for CAl. 

In the output mode, the CA2 will perform either a "Road" or a 
"write" handshake operation. The CA2 operating modes are selected as 



follows: 
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PCRl I PCR? 











Moifo 

CA2 Negative Ktlgc Interrupt (TFUO/ORA Clear) Mtxlt^ 
Stft C:a2 interrupt Vlag (I FRO) on a negative transition 
nf thf input: sign^iK ('Icar ] FRO on a rrad or writt^ of 
the Pcriplieral A Output Rogistor (ORA) or by writing 
logic i into IKRt). 

(;A2 Negative Kdgu Interrupt ( I KRO Clear) Mode — Set 
IFRO on a ntBiiLive transitit»n of the CA^ input signal. 
Reading or writing ORA does not rlear the CA2 init-rrupt 

nag. Clear I KRO by writing logic I into (KRO. 







(:A2 Positive Fdgc Interrupt (IFRO/ORA Clear) Mode Set 
CA2 interrupt flag on a positive transit ion of the t:A2 
input signal. Clear IFRO with a read or write of the 
Peripheral A Output Register. 

CA2 Positive Kdge Interrupt (IFRO Clear) M<Hle — Set 
IFRO on a positive transition id the CA2 input signal. 
Reading or writing ORA doi's not clear the rA2 interrupt 
flag. Clear IFRO by writing logic 1 into IFRO. 



CA2 Handshake Output Mode — Set CA2 output low on a 
read or write of the Peripheral A (hitput Register. 
f<eset CA2 high witli an active transit inn on CAl. 



CA2 Pulse Output Mode — CA2 
following a read or write of 
Regi? 



goes low for one cytle 
the Periplieral A Output 



CA2 Output Low Mode - 
mode . 



The CA2 oulptit is held low in this 



CA2 Output High Mode The CA2 output is held high in 
tfi i s motic . 



In iJie internipt-1 FRO riear input mode, writing or nviding the 
ORA register lias no eflecl ot» the (:A2 iuifrrti|>t flag. This fl^ig mtist he 
cleared by writing a logic 1 intt) the appropriate IFR hit. This modf 
al Jows the processor to hand I e i nter riipts wh ich are i ndepentlrn t uf ;»!iv 
operations taking place on the peripl»eral I/O ports. 

The handshake anti pulse output modt s fiave been (!rsrrihod pre- 
viously, Nott' that tht- Liming <if thr tint put sigtial varies sliglitly 
depending on whetlier tin* operation is initiated by a re/n! or a writ*-. 



3. 



CKl Control 

Control of the active transition of the CiU input signal operates 



in exactly the samo inannr-r as that dcscriht'il ahovt* ft>r t"Al . If P(^R^* 
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PCR7 











1 



1 



is a loj^ic Che CBJ interrupt flag (IFR/i) is a (orIc 1, tlio CI5i 
inteETupt flag (IFR^) will bo s^t by a negative transition of the 



CBl input signal and cleared by a read or write of 



OKli register. 



If PCR4 is a logic one, IFR4 will be net by a positive transition i)f CBl 

If the Shift Register function has been enabled, CBl will act ay 
an input or output for the shift register clock signals. In ttils iiu>de, 
the CBl interrupt flag will still respond to tlie selected transition of 
the signal on the CBl pin. 



4. 



CB2 Control 

Wi th the serial port disabled , ope rat ion of the CB? pin is a 



function of the three high-order bits of the PGR* The CB2 modes are 
very similar to those described previously for CA2. These modes are 
selected as f ol lows : 



PCR6 PCR5 



Mode 











CB2 Negative Edge Interrupt (IFR3/ORB Clear) Mode — Set CB2 
interrupt flag (IFR3) on a negative transition of the CB2 
Input signal. Clear IFR3 on a read or write of the Periph- 
eral B Output Regl^stcr (ORB) or by writing logic 1 into 1 FR3 







1 



CB2 Negative Edge Interrupt (TFR3 Clear) Mode — 
on a negative transition of the CB2 input signal 
or writing ORB does not clear the interrupt flag 
IFR3 by writing logic I into TFR3* 



Set IKR3 
Reading 
Ciear 



I 1 I I CB2 Positive Edge Interrupt (iFR3/0RB Clear) Mode — Set 

CB2 Input signal. Clear the CB2 interrupt flag on a read or 
write of ORB or by writing logic 1 into IFR3. 

I 1 I I I CB2 Positive Edge Interrupt (1FR3 Clear) Mode — Set IFR3 

on a positive transition of the CB2 input signal- Reading 
or writing ORB does not clear the CB2 interrupt flag. Clear 
IFR3 by writing logic 1 into 1FR3. 















CB2 Handshake Output Mode -- Set CB2 low on a write ORB 
operation. Reset CB2 liigh with an active transition of the 
CBl input signal. 

CB2 Pulse Output M?>de — Set CB2 low for one cycle follow- 
ing a write ORB operation. 



1 







CB2 Manual Output Low Mode - 

on this mode. 



CB2 output is hold low 



1 



1 



I 



CB2 Manual Output High Mode — The CB2 output is held high 
In this mode. 
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AUXILIARY CONTROL REGISTER 

Many of the functions In the auxiliary control register have been 

discussed previously. However, a summary of this register Is presented here 
as a convenient reference for the R6522 user. The auxiliary control regis- 
ter Is organized as follows: 



Bit 












No. 




4 3 2 


1 





Function 


Tl Control 


T2 


Shift Register 


PB 


PA 






Control 


Control 


Latch 


Latch 










Enable 


Enable 



1 . PA Latch Enable 

The R6322 provides input latching on both the PA and PB ports. 
In this node» the data present on the peripheral A input pins will 
be latched within Che chip when the CAl interrupt flag is set. 
Reading the PA port will result in these latches being transferrred 
into the processor* As long as the CAl interrupt flag Is set, the 
data on the peripheral pins can change without affecting the data 

In the latches. This input latching can be used with any of the 
CA2 input or output modes. 

It is important to note that on the PA port, the processor 
always reads the data on the peripheral pins (as reflected in the 
latches). For output pins, the processor still reads the latches. 
This nay or may not reflect the data currently in the ORA. Proper 
system operation requires careful planning on the part of the sys- 
tem designer if input latching is combined with output pins on 
the peripheral ports. 

Input latching is enabled by setting bit in the Auxiliary 
Control Register to a logic 1, As long as this bit is a 0, the 
latches will directly reflect the data on the pins. 

2. PB Latch Enable 

Input latching on the PB port is controlled in the same manner 
as that described for the PA port. However, with the peripheral B 
port the input latch will store either the voltage on the pin or tha 
contents of the Output Register (ORB) depending on whether the pin 
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is progranned to act as an input or an output. As with the PA port* 
the processor always reads the input latches. 
3. Shift Register Control 

The Shift Register operating mode is selected as follows: 



ACM 


ACR3 


ACR2 


Mode 











Shift register disabled* 








1 




Shift 1x1 under control of Timer 2. 





1 





Shift in under control of 02 pulses. 





1 


1 


Shift in under control of external clock 
pulses . 


1 








Free-runnlng output at rate determined by 
Timer 2. 


1 





1 


Shift out under control of Ti«er 2. 


1 


1 





Shift out under control of the pulses. 


1 




1 


Shift out under control of external clock 
pulses , 



4. T2 Control 

Timer 2 operates in two modes. If ACR5 - 0» T2 acts as an 
interval timer in the one-shot node. If ACR5 " 1, Timer 2 acts 
to count a predetermined number of pulses on pin PB6. 
5- XI Control 

Timer 1 operates in the one-shot or free-running mode with the 
PB7 output control enabled or disabled. These modes are selected 
as follows: 



ACR7 


ACR6 


Mode 








One-Shot Mode — Output to PB7 disabled. 


Q 


1 


Free-Running Mode — Output to PB7 disabled. 


1 
1 





One-Shot Node — Output to PB7 enabled. 


1 


Free-Running Mode — Output to PB7 enabled. 
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4 J AFFUCATiON NOTES 

The R6522 represents a significant advance In general-purpose micro- 
processor I/O. Unfortunately* its many powerful features coupled with a set 
of very flexible operating modes, cause this device to appear to be very 
conplex at first glance. However, a detailed analysis will show that the VIA 
is organized to allow convenient control of these powerful features. This 
section seeks to assist the system designer in his understanding of the R6522 
by illustrating how the device can be used in microprocessor-based systems. 
6.5.1 Control of R6522 Interrupts 

Organization of the R6522 interrupt flags into a single register 
greatly facilitates the servicing of interrupts from this device. Since there 
Is only one IRQ output for the seven possible sources of interrupt within 
the chip, the processor must examine these flags to determine the cause of an 
Interrupt. This is best accomplished by first transferring the contents of 
the flag register into the accumulator. At this time it may be necessary to 
aask off those flags which have been disabled in the Interrupt Enable Register. 
This is particularly important for the edge detecting inputs where the flags 
may be set whether or not the interrupting function has been enabled. Masking 
of those flags can be accomplished by performing an AND operation between the 
£ER and the accumulator or by performing an "AND IMMEDIATE.'' The second byte 
of this AND instruction should specify those flags which correspond to 
Interrupt functions which are to be serviced. 

If Che N flag is set after these operations, an active interrupt 

txists within the chips. This interrupt can be detected with a series of 
•hift and branch instructions. 

Clearing interrupt flags is accomplished very conveniently by writing 
a logic 1 directly into the appropriate bit of the Interrupt Flag Register, 
This can be combined with an interrupt enable or disable operation as follows; 

I>DA ff^lOOlOOOO ; initialize accumulator 

STA IFR ; clear interrupt flng 

STA lER ; set Interrupt enable flag 

LDA #%00001000 ; initialize accumulator 

STA IFR ; clear interrupt flag 

STA lER ; disable Interrupt 
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Another very useful technique for clearing Interrupt flaf-a is simply 

to transfer the contents of the flag register back into this register as 
£ol lows : 

LDA IFR ; transfer IFR to accumulator 
' STA IFR ; clear flags corresponding to active interrupts 

After completion of this operation the accumulator will still contain 

the interrupt flag Information. Most importantly, writing into the flag 

register clears only those flags which are already set. This eliminates the 

possibility of inadvertently clearing a flag while it Is being set. 
6.5.2 Use of Timer 1 

Timer 1 represents one of the most powerful features of the R6322 

The ability to generate very evenly spaced Interrupts and the ability to con- 
trol the voltage on PB7 makes this timer particularly valuable in various 
timing, data detection and waveform generation applications. 
TIME-OF-DAY CLOCK APPLICATIONS 

An important feature of many systems is the tlme-of-day clock. In 
microprocessor-based systems the time of day is usually maintained in memory 

and is updated in an Interrupt service routine. A regular processor interrupt 

will then assure that this tine of day will always be available when it is 

needed in the main program. 

Generating very regular interrupts using previously available 

timers presented difficulties because of the need to reload the timer for 
each interrupt. Unfortunately, the time between the interrupts will fluctuate 
due to variations in the interrupt response time. This problem Is eliminated 
in the Timer 1 "free-running" mode. The accuracy of these "free-running" 
interrupts is only a function of the system clock and is not affected by 
interrupt response time. 
ASYNCHRONOUS DATA DETECTION 

The extraction of clock, and data Information from serial asyn- 
chronous ASCII signals or from any single channel data recording device relies 
on tlie ability to establish accurate strobes. As discussed previously, the 
period of these strobes can be seriously affected by the interrupt response 
time using conventional timers. However, Tl again allows generation of very 
accurate interrupts. The processor responds to these interrupts by strobing 
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the input data. The ability to reload the Tl latches without affecting the 
count-down in progress is very useful in this application. This allows the 
strobe time to be doubled or halved during data detection* 



serial data. 

WAVEFORM liENERATiON WITH TIMER 1 

In addition to generating processor interrupts. Timer 1 can be 

used to control the output voltage on peripheral pin PB7 (output mode). In 

this mode a single negative pulse can be generated on PB7 (one-shot mode) or> 
in the free-running mode, a continuous waveform can be generated. In this 

latter node the voltage on PB7 will be inverted each tine Tl times out. 

A single solenoid can be triggered by simply writing to TIC-H in 
the one-shot mode if the PB7 signal is used to control the solenoid directly. 

Generating very complex waveforms can be a simple problem if Tl 
is used to control PB7 in the free-running mode. During any count-down 
process the latches can be loaded to determine the length of the next count- 
down period . 

Figure 6-17 shows this timing sequence for generating ASCII serial 

data. 



Figure 6-16 is an example of the use of this timer with asynchronous 



START BIT 



DATA BIT DATA BIT 



SERIAL 
DATA 




U 



U 



L_I 



LT 




MJAD T INTO Tl COUNTER AND Tf INTO 
Tl tATCil AT BECINNINC; OF START BIT. 



ZT 




JT 




IT 




Asynchronous Data Detection Using Timer I 

FIGURE 6' 1 6 
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OUTPUT 
DATA (PB7) 

IRQ 



I START BIT I DATA BIT I 



I 



I 



I 



I 




f 






J k 



T 



1 



t. LOAD T INTO Tt COUNTCK AND LATCH. LOAD T INTO T2 TO TRIGGER Tl LATCH RELOAD. 



2. LOAD rr INTO Tl LATCH DURING THIS BIT TIME. 



3. LOAD T INTO Tl LATCH ANYTIME DURING THIS PERIOD. LOAD NT INTO T2. N m NUMBER OF 1*5 AND rS 
WHICH FOLLOW. 



4. A SERIES OF 1 *S AND rs WILL BE GENERATED UNTIL THE Tl LATCH IS AGAIN CHANGED. NOTE THAT 
THE USE OF T3 TO CONTROL RELOADING THE Tl LATCH EUMINATES THE NEED TO INTERRUPT ON 
EACH TRANSmON. 



ASCII Serial Data Generation Using Tl 



FIGURE 6-17 



An application where this mode of operation Is also very powerful 
Is In the generation of biphase encoded data for tape or disk storage. This 
encoding technique and the se<]uence of operations which would take place 
illustrated in Figure 6-18. 

Thede appllcatloas represent only a tiny portion of the potential 
Tl applications. Some other possibilities are pulse width modulation wave- 
forms, sound generation for video games, and A/D techniques requiring very 
accurate pulse widths. 
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12 3 4 

1. LOAD Tl COUNTER AND LATCH. 

2. SHIFT Tl LATCH ONE: BIT TO THE RIGHT DURING THIS PERIOD. 

3. SHIFT Tl LATCH LEFT DURING THIS PERIOD. 

4. SHIFT Tl LATCH RIGHT DURING THIS PERIOD. 



NOTE THAT Tl MUST BE ACCESSED ONLY WHEN THE OUTPUT DATA CHANGES. A STRING OF VS OR 0*S 
CAN BE GENERATED WITHOUT MIOCESSOR INTERVENTION. 

Generating Biphase Encoded Data 

FIGURE 618 
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SECTION 7 



R6530 ROM - RAM ^ I/O TIMER (RRIOT) 

The R6530 is designed to operate in conjunction with the R650X 
Microprocessor (CPU) . It is comprised of a mask-programmable 1024 x 8 ROM; 
a 64 X 8 RAM; two 8-bit bidirectional ports* capable of directly Inter- 
facing the Microprocessor unit and peripheral devices; and a programmable 
interval timer with interrupt, capable of timing in various Intervals 
from 1 to 262y^?44 clock periods. 

■ 

The I/O configuration, the Interval timer and Interrupt capabiiity 
are under software control. 

• 8-bit bidirectional Data Bus for coznnunication with 
the microprocessor unit 

• Two 8-bit bidicectional ports for direct Interface to 
peripherals 

• Two Programmable Data Direction Registers 

• Prograinnable Interval Timer from 1 to 256 x 1024 clock 
periods. 

• Programmable interval Timer Interrupt 

• TTL and CMOS-Compatible Peripheral Lines 

• Peripheral Pins with Direct Transistor Drive Capability 

• Three-State Data Pins 

• Up to 7K contiguous ROM with no external decoding 

• 1024 X 8 ROM 

• 64 X 8 Static RAM 

7,1 R6S30 ORGANIZATION 

A block diagram of the internal architecture is shown in Figure 7-1 
The R6530 is divided into four basic sections, RAM, ROM, I/O and TIMER. The 
RAM and ROM interface directly with the microprocessor through the system 
data bus and address lines. The I/O section consists of two 8-blt halves. 
Each half contains a Data Direction Register (DDR) and an I/O Register, The 
DDR controls the peripheral output buffers. A "1** written into the DDR sets 
up the corresponding peripheral buffer as an output buffer — that is, 
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4 



R6530 Internal Architecture 

FIGURE 7 1 
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anything tlien writcen Into the I/O Register will appear on that corresponding 
peripheral pin. A "0" written Into the DDR inhibits the output buffer from 
transmitting data from the l/O Register. The output buffer remains in the 
high state, making it ready to receive data on the peripheral line-s. 

It should be noted that the microprocessor, when reading the I/O 
Register » is in fact reading the Peripheral Pin and not the I/O Register. 
The only way the 1/0 Register data can be changed Is by a microprocessor 
Write operation. The Register is not affected by the data on the Peripheral 
Pin. 

7a. 1 ROM — IK Byte (8K Bits) 

The 8K ROM is in a 1024 x 8 configuration. Address lines A0-A9» 
as well as RS0 are needed to address the entire ROM. With the addition of 
CSl and CS2, up to seven R6330s may be addressed, giving 7168 x 8 bits of 
contiguous ROM. 

7-1.2 RAM — 64 Bytes (512 Bits) 

A 64 X 8 static RAM is contained on the R6530. It is addressed by 
A0*A5 (Byte Select), RSO, A6, A7, A8, A9 and, depending on the number of 
chips in the system, CSl and CS2. 

7.1.3 Internal Peripheral Registers 

There are four internal registers, two data direction registers and 
two output registers. The two data direction registers (A side and B side) 
control the direction of data into and out of the peripheral pins. For 
example, a "I" loaded into data direction register A, position 3 sets up 
peripheral pin PA3 as an output, if a *'0" had been loaded instead, PA3 would 
be configured as an input. The two output registers are used to latch data 
from the data bus during a Write operation until the peripheral device can 
read the data suppi ted by the microprocessor unit. Although during a Read 
operation the microprocessor unit reads the peripheral pin, the address is 
the same as the register. For those pins programmed as outputs by the data 
direction registers, the data on the pins will be the same as In the I/O 
register . 

7.1.4 Interval Timer 

The Timer section of the R6530 contains three basic parts: prelimi- 
nary divide down register, programmable fi-blt register and interrupt logic. 
These are illustrated in Figure 7-2. 
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The interval tlner can be programmed to count up to 256 time 
Intervals. Each time interval can be either IT, 8T, 64T or I024T incre- 
tnents, vhere T is the system clock period. When a full count Is reached, 
an interrupt flag is set to a logic After the interrupt flag is set 

the Internal clock begins counting down to a maximum of -255T, Tlius , after 
Che interrupt flag is set* a Read of the timer will tell liow long since the 
flag was set up to a maximuni ot 235T. 

Wtien writing to the timer^ the high-order 8 bits of the timer are 
written by the systen data bus- If a count of 32 time intervals were to be 
counted, 001 10100 would be written into the timer section. The time 
intervals of 1, 8, or 1024T are decoded from address lines A0 and Al at 

this same time. Address line A3, if high during this write operation, 
enables the interrupt flag onto pin PB7. PB7 should be prograram*?d as an 
input if it is to be used as a interrupt pin, goes low when an inter- 

rupt occurs. When the timer is read prior to the interrupt flag being set, 
the number of time intervals remaining will be read, i.e., 51, 50, 49, etc. 
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Should the timer be read when interrupt occurs, the value read 
would bellllllll. After Interrupt, the timer rcRlster decrements 



at a divide by 1 rate ot the sy-stem clock. If, .^fter interrupt, the timer 
is read and a value oC 11 100100 is read, the time since Interrupt is 
2BT, The value read is in two'?? complement. 

Value read «11100100 

Complement - OOOllOll 

ADD 1 -00011100- 28. 

Thus* to arrive at the total elapsed time, merely do a two's complement add 
to the original time written into clie timer. Again* assume time written as 
00110100 (= 52), With a divide by 8, total time to interrupt is 
(32 X 8) + 1 = A17T. Total elapsed time would be ^il6T + 28T * 4A^T, 
assuming the value read after interrupt was 1110010 0. 

After interrupt, whenever the timer is written or read the inter- 
rupt is reset. However, the reading or writlnR of the timer at the same 
time interrupt occurs will not reset the interrupt flag. 

Figure 7-3 illustrates an example of Interrupt. 

When reading the timer after an Interrupt, A3 should be low to 

disable tlie IRQ pin. This is done to avoid future interrupts until after 

another Write timer operation* 
7 J SNTERFACE UNES 

Figure 7-4 is the pinout diagram of the R6530. 
7.2.1 Reset (RES) 



During system initialization a Logic "0" on the RES Input will 
cause a zeroing of all I/O registers. Ttiis in turn will cause all I/O buses 
to act as inputs, thus protecting external components from possible damage 
and erroneous data while the system is being configured under software con- 
trol. The Data Bus Buffers arc put into an OFF-STATE during Reset. Interrupt 



is disabled when reset. The RES signal must be held low for at least one 

clock period when reset is required. 
7.2«2 Input Clock 

The input clock is a system Phase Two clock which can be either a 

low-level clock (V-. < 0.4, V,,^ > 2.4) or a high-level clock (V < 0.2, 

X u lit I L> 

IF 17 +0-3, 
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SHOULD THE PROGRAMMABLE TIMER REGISTER BE READ A f THE 
TIMES NOTED ON THE DIAGRAM ABOVE, IT WOULD CONTAIN: 

CD 1>A|* wrillcn inlv inirfval timer is OOllQOtOO " 52^^ A Ji«i(le by 9 per tcjUr n vscd. 

CD oooiiooi = J5|Q *^ "It' ' = - ^* ' 

CD OOOOOOOO - Ojjj 51 ^^ - I ^ 51 5i I - O 

CD Inlrrrupl has occwrted »t $2 pultc #«I6 

CD lOIOIlOO Two; c«inplc(n*ni - OlOfOtOO = M,- M * (SlxB) " 400, „ 



Example of Interrupt Generated by Interval Timer 

FIGURE 7-3 

7.2.3 Read/Wrtte (R/W> 

The R/W signal is supplied hy the microprocessing unit' and is used 
to control the transfer of data to and from the microprocessing unit and the 
R6530. A high on the R/W pin allows the processor to read (with proper 
addressing} the data supplied by the R6530. A low on the R/W pin allows a 
write (with proper addressing) to the R6530. 
7.2»A Interrupt Request (IRQ) 

The IRQ pin is an Interrput pin from the interval timer. This 
same pin, if not used as an interrupt, can serve as a peripheral I/O pin 
(PB7). When used as an interrupt, the pin should be set up as an input by 
the data direction register. The pin will be normally high with a low indi- 
cating an interrupt from the R6530. An external pull-up device is not 
required; however, if collector-OR'd with other devices, the Internal pull- 
up may be omitted with a mask option. 
7,2.5 Data Bus (D0-l)7) 

The R6530 has eight bidirectional data pins (D0-D7)- These pins 
connect to the system^s data lines and allow transfer of data to and from 
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R6530 Pinotit Pesij^nafion 

FIGURE 7-4 
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the microprocessor unit. The output buffers remain in the "off" state 
except when a ^Read operation occurs* 

7.2.6 Peripheral Data Ports 

The R6530 has 16 pins available for peripheral I/O operations. Each 
pin is Individually software programinable to act as either an input or an 
output. The 16 pins are divided into two 8-bit ports, PA0-PA7 and PB0-PB7, 

PBS, PB6 and PB7 also have other uses which will be discussed in Section 7.3. 
The pins are set up as an input by writing a "0" into the corresponding bit 
in the data direction register. A "1" into the data direction register will 
cause its corresponding bit to be an output. When in the input mode, the 
peripheral output buffers are in the "1" state and a pull-up device acts as 
less than one TTL load to the peripheral data lines. On a Read operation, 
the microprocessor unit reads the peripheral pin. When the peripheral device 
gets information from the R6530 it receives data stored in the data register. 
The microprocessor will read correct information If the peripheral lines are 
greater than 2.0 volts for a "1" and less than 0,8 volt for a "0" as the 
peripheral pins are all TTL compatible. Pins PAO and PBO are also capable 

of sourcing 3 raa at 1.5V, thus making then capable of Darlington drive. 

7.2.7 Address Lines (AQ-A9) 

There are 10 address pins. In addition to these 10, there Is the 
ROM SELECT pin. The above pins, A0-A9 and ROM SELECT, are always used as 
addressing pins. There are two addltonal pins which are mask-prograniraable 
and can be employed either individually or together as CHIP SELKCTs. They 
are pins PB5 and PB6. When used as peripheral data pins they cannot be used 

as chip selects. 
73 ADDRESSING 

Addressing of the R6530 offers many variations to the user for 
greater flexibility. The user way configure his system with RAM in lower 
memory, ROM in higher memory, and I/O registers with interval timers between 
tlie extremes. There are 10 address Lines (A0-A9). In addition, there is 
the possibility of three additional address lines to be used as chip-selects and 
to distinguish between ROM, RAM, 1/0 and interval timer. Two ot the addi- 
tional lines are chip- selects 1 and 2 (CSl ,ind CS2) . Hie chip-select pins 
can also be PB5 and PB6. Wliether the pins are used as chip-selects or 
peripheral 1/0 pins is a mask option and must be specified when ordering 
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the part. Botli pins act independently of each other in that either or both 
pins may be designated as a chip-seicct. The third additional address line 
is RSO. The R6502 and R6530 in a 2-chlp system would use RSO to distinguish 
between ROM and non-ROM sections of the R6530. With the addressing pins 
available* a total of 7K contigoous ROM may be addressed with no external 
decode. Below is an example of a l-chip and a 7-chlp R6530 Addressing 
Scheme «. 

7.3.1 One-Chip Addressing 

Figure 7-5 illustrates a 1-chlp system decode for the R6530, 

7.3.2 Seven-Chip Addressing 

In the 7-chip system the objective would be to have 7K of contiguous 
ROM, with RAM in low order memory. The 7K of ROM could be placed between 
addresses 65,536 and 1024. For this case, assume A13, A14 and A15 are all 
1 when addressing ROM, and when addressing RAM or I/O. This would place 
the 7K ROM between Addresses 65,535 and 57,367. The 2 pins designated as 
chip-select or 1/0 would be masked programmed as chip-select pins. Pin 
RSO would be connected to address line AlO. Pins CSl and CS2 vrould be con- 
nected to address lines All and A12, respectively. (See Table 7-1). 

The two examples given would permit addressing of the ROM and RAM; 
however, once the I/O timer has been addressed, further decoding is necessary 
to select which of the I/O registers are desired, as well as the coding of 
the interval timer. 

7-3.3 I/O Register — Timer Addressing 

Table 7-2 illustrates the addressing decoding for the internal ele- 
ments and timer programming. Address line A2 distinguishes I/O registers 
from the timer. When A2 is low and I/O timer select is high, the I/O 

registers are addressed. Once the 1/0 registers are addressed, address lines 
Al and AO decode the desired register. 

When the timer is selected, Al and A0 decode the divide by matrix. 
This is discussed further in the Timer Selection. In addition. Address A3 
is used to enable the interrupt flag to PB7, 
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Tlte addressing of the ROM select, RAM select and I/O Timer select lines 
would be as follows: 

TABLE 7-1 

Addressing Decode for I/O Register atul Timer 
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SECTION 8 



R6532 RAM - I/O TIMER (RIOT) 

The R6532 is designed to operate in conjunction with the R6500 
Microcomputer System's microprocessor <CPIJ) family. It is comprised of a 
128 X 8 static RAM; two software-controlled, S-bit bidirectional data ports 
allowing direct interfacing between the microprocessor unit and peripheral 
devices; a software prograoraable Interval timer with interrupt, capable of 
timing In various intervals from 1 to 262,14^ clock periods; and a progranmable 
edge-detecting circuit, 

• 8-bit bidirectional Data Bus for direct communication 
with the microprocessor 

• 128 X 8 static RAM 

• Two 8 bit bidirectional data ports for interface to 
peripherals 

• Two programmable Data Direction Registers 

• Programmable Interval Timer with Interrupt 

• TTL & CMOS compatible peripheral lines 

• Peripheral pins with Direct Transistor Drive Capability 

• High Impedance Tljree-State Data Pins 

• Programmable edge-sensitive interrupt 

8 J R6S32 ORGANIZATION 

A block diagram of the internal architecture is presented in 
Figure 8-1. The R6532 is divided into four basic sections, RAM, 1/0, 
Tlmer^ and Interrupt Control. The RAM Interfaces directly with the micro- 
processor through the system data bus and address lines. The I/O section 
consists of two 8-bit halves* each of which contains a Data Direction 
Register (DDR) and an I/O Register, 

8.1.1 RAM - 128 Bytes (1024 Bits) 

The 328 x 8 Read/Write memory nets as a conventional static RAM. 
Data can be written into the RAM from the microprocessor by selecting; the 
chip (CSl ^ 1, CS2 ^ 0) and by setting RS to a logic (0.4V). Address lines 
AO through A6 are then used to select the desired byte of storage. 
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R6532 Internal Archifecture 

FIGURE SI 

8-1-2 Internal Peripheral Registers 

The Peripheral A I/O port consists of eight lines which can be 
individually programmed to act as either an input or an output. A logic 
in a bit of the Data Direction Register (DDRA) causes the corresponding line 
of the PA port to act as an input. A logic 1 causes the corresponding PA 
line to act as an output. The voltage on any line programmed to be an output 
is determined by the corresponding bit in the Output Register (ORA) . 

Data are read directly from the PA pins during any read operation. 
For any output pin. the data transferred Into the processor will be the same 
as those contained in the Output Register if the voltage on the pin is allowed 
to go to 2.4V for a logic one. Note that for input lines, the processor can 
write into the corresponding bit of the Output Register. This will not affect 
the polarity of the pin until the corresponding bit of DDRA is set to a logic I 
to allow the peripheral pin to act as an output. 



8-2 



The operation of the Peripheral B Input/Output port is exactly the 
same as the normal I/O operation of the Peripheral A port. The eight lines 
can each be progranmed to act as either an input nr ns an output by placing a 
or a 1 into the Data Direction register (DURB) , In the output mode, tlic 
voltage on a periplieral pin is controlled by the Output Register (0KB). 

The primary difference between the PA and the PB ports is in the 
operation of the output buffers which drive these pins. The buffers are 
push-pull devices which are capable of sourcing J ma at 1.5V. This allows 
these pins to directly drive transistor switches. To ensure that the micro- 
processor will read proper data on a "Read PB" operation, sufficient logic Is 
provided in the chip to allow the microprocessor to read the Output Register 
Instead of reading the peripheral pin as on the PA port. 

8.1.3 Edge-Detecting Interrupt 

In addition to acting as a peripheral I/O line, tlio PA7 line can 
serve as an cdge*deLecting input. In this mode, an active transition will 
set the internal interrupt flag (bit 6 of the Interrupt Flap register). 
Setting the interrupt flag will cause IRQ output ro go low If the PA7 interrupt 

has been enabled. 

Control of the PA7 edge-detecting mode is accomplished by writing 
to one of four addresses. in this operation, AO controls the polarity of the 
Active transition and Al acts to enable to disable interrupting of the proces- 
sor. The data placed on the Data Bus during this operation are discarded and 
have no effect on the control of PA7. 

Setting of the PA7 interrupt flag will occur on an active transition 
even if the pin is being used as a normal Input or as n peripheral control 
output* The flag will also be set by an active transition if interruptioR 
from PA7 is disabled- The reset signal (RKS) will disable the PA7 interrupt 
and will set the active transition to negative (lilgh to low). During the sys- 
tem initialization routine, it is possible to set the interriipt flag by a nega- 
tive transition. It may also be set by changing the polarity of the active 
Interrupt* It is therefore recommended that thp Interrupt flag be cleared 
before enabling interrupting from PA7, 
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Clearing of the PA7 Interrupt Flag occurs when the microprocessor 
reads the Interrupt Flag Register, 

8.1,4 Interval Timer 

The Timer section (Figure 8-2) of the R6532 contains a preliminary 

divide-down register, a programmable 8-bit register, and interrupt logic. 

The Interval Timer can be programmed to count up to 255 time inter- 
vals. Each time interval can be either IT, 8T, 64T or 102 AT Increments, where 
T is the system clock period. When a full count is reached, an interrupt 
flag is set to a logic I- After the interrupt flag is set the internal clock 
begins counting down to a maxlTmin of -255T. Thus, after the interrupt flag 
is set, a Read of the Timer will tell how long since the flag was set up to a 

naximum of 255T. 

The 8-bit system Data Bus is used to transfer data to and from 

the Interval Timer. If a count of 52 time intervals were to be counted, the 

pattern 1 1 I would be put on the Data Bus and written into the 

Interval Time register, 

At the same time that data are being written to the Interval Timer, 

the counting intervals of 1, 8, 64, 1024T are decoded from address lines AO 
and Al, During a Read or Write operation address line A3 controls the inter- 
rupt capability of PB7, i.e. A3 = 1 enables IRQ, A^ = disables IRQ, When the 
the timer is read prior to the Interrupt flag being set, the number of time 
intervals remaining will be read, i.e., 51, 50, 49, etc, 

Wlien the timer has counted thru 00000000 on the nejct count 
time an interrupt will occur and the counter will read 1 1 1 I 1 1 1 1. After 
interrupt, the timer register decrements at a divide by "1" rate of the system 
clock. If after interrupt, the timer is read and a value of I 1 I I 
is read, the time since Interrupt is 27T. The value read is two's complement, 
but it should be remembered that interrupt occurred nn count number -1 and 
we must, therefore, subtract 1: 

Value read =1 1 10 10 

Complement « I I 1 1 

ADD 1 =00011100- 28 Equals two's complement of register 

SUB 1 « 1 I 1 1 - 27 
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FIGURE 8-2 
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Thus, to arrive at the tot a I elapsed time^ one merely carries out 
a two's complement add to the orif^inal time written into the timer. Again, 
time Is to be assumed to be written as 1 1 1 (=52)» With a divide 
by 8, total time to Interrupt Is ("52 ic 8) + 1 - 417T. Total elapsed time 
would be A17T + 27T = A4iT, assuming the value read after Interrupt was 
1 1 1 1 0. 

After the interrupt* whenever the timer Is written or read the 
interrupt is reset. However, the reading of the timer at the same time the 
Interrupt occurs will not reset the interrupt flag. When the Interrupt flaps 
are read (DB7 for the timer, DB6 for edge detect) data bus lines D0-D5 go to 



zero. 



When reading the timer after an Interrupt, A3 should be low 



tc disable the IRQ pin. This is done to avoid future Interrupts until 
after another Write timer operation. 

S.2 INTERFACE USES 

Figure 8-4 Is the pinout diagram of the R6532 
8.2.1 Rese 




During system initialisation a Logic 0" on the RES input will 

cause a zeroing of all four I/O registers. This, in turn, will cause all 
1/0 buses to act as Inputs, thus protecting external components from possible 
damage and erroneous data while tlie system is being configured under software 
control. The Data Bus Buffers are put into an OFF-STATE during Reset. 



Interrupt capability is disabled with the RES signal. The RES signal must 
be held low for at least one clock period when reset is required. 
8.2.2 Input Clock 

The input clock is a system Phase 2 clock which can be either a 

low-level clock (V_, < 0.4, V_„ > 2,4) or a high-level clock (V_. < 0.2, 
^IH " ^^^^ -0,2^- 
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R65J2 Finout Desifinarion 
FIGURE 8^ 

8-2.3 Read/Write (R/W) 

The R/W signal Is supplied by the microprocessor array and is used 
to control tlie transfer of data to and from tljc microprocessor array and the 
R6532. A high on the R/W pin allows the processor to read (with proper 
addressing) the data supplied by the R6532- A low on the R/W pin allows a 
lO'ite (with proper addressing) to the R6532. 

8.2.^ Interrupt Request (IRQ) 

The IRg pin is an interrupt pin from the interrupt control logic. 

The pin will be normally high, with a low indicating an interrupt trom the 

R6532, An external pull-up device is required. The TK(J pin may be activated 

by a transition on PA7 or timeout of the interval timer. 
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8.2.5 Data Bus (D0-D7) 

The R6532 has eight bidirectional data pins (D0-l)7). These plus 

connect to the system's data lines and permit transfer of data to and from 
the microprocessor array. The output buffers renain In the "off" state 
except when a Read operation occurs. 

8. 2.6 Peripheral Data Ports 

The R6332 has 16 pins available for peripheral 1/0 operations. 
E^ach pin is individually software- programmable to act as either an input or 
an output- The 16 pins are divided into two 8-blt ports, PAU-PA7 and PBO- 
PB7, PB7 also has other uses which are discussed elsewhere. The pins are 
set up as an Input by writing a "0" into the corresponding bit of the data 
direction register- A into the data direction register will cause its 

corresponding bit to be an output. Wlien in the input mode, the peripheral 
output buffers are in the "1" state and a pull-up device acts as less than 
one TTL load to the peripheral data lines. On a Read operation, the micro- 
processor unit reads the peripheral pin. When the peripheral device gets 
information from the R6532 it receives data stored in the data register* 
The microprocessor will read correct information if the peripheral lines 
are greater than 2.0 volts for a "1" and less than 0.8 volt for a "O" as 
the peripheral pins are all TTL compatible. Pins PB0-PB7 are also capable 
of sourcing 3 ma at 1.5V, thus making them capable of Darlington drive. 

8.2.7 Address Lines (A0-A6) 

There are 7 address pins. In addition to these 7, there is the 
RAM SELECT pin- The above pins, A0-A6 and RAM SELECT, are always used as 
addressing pins. There are two additional pins which are used as CHIP 
SELECTS. They are pins CSl and CS2. 

8.3 ADDRESSiNG 

Table 8-1 summarizes addressing decoding for the R6532. 
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TABLt 8' I 
Addressing Decade for R6532 



RAM ADDRKSSINC 
RS » 

RW »= 1 to read, to write 
A<^-A6 select RAM address 

I/O ADDRESSING 



RS = 1 A2 ' O 

RW = 1 to read, to write 
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A3 = disal>le timer interrupt 

NO IE : For nil operations CSl = I, CS2 - 
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APPENDIX A 



SUMMARY OF SINGLE-CYCLE EXECUTION 



A-i 



This section contains an outline o£ the data on both the at^dress bus and 
the data bus for each cycle of tlie various processor instructions. It tells 
the system designer exactly what to expect while single-cycling through a 
program* 

Note that the processor will not stop in any cycle where R/W is a (IffifTF 
cycle). Instead » It will go right into the next READ cycle and stop there. For 
this reason* some Instructions may appear to be shorter than indicated hero. 

All Instructions begin with TO and the fetch of the OP CODK and continue 

through the required number of cycles until the next TO and the fetch of the 
next OP CODE. 

While the basic terminology used in this appendix is discussed in the Pro- 
gramming Manual, it has been defined below for ease of reference while studying 
Single-Cycle Execution. 

OP CODE — The first byte of the instruction containing the operator and mode of 

address . 

OPERAND — The data on which the operation specified In the OP CODE is pertormed. 

BASE ADDRESS — The address in Indexed addressing modes which specifies the loca- 
tion in memory to which indexing is referenced. The high-order byte 
of the base address (AB08 to AB15) is BAH (Base Address High) and the 

low-order byte of the base address (ABOO to AB07) is BAL (Base Address 
Low) , 

EFFECTIVE ADDRESS— The destination in memory in which data are to be found. The 

effective address may be loaded directly as in the case of Page Zero 
and Absolute Addressing or may be calculated as in Indexing operations. 
The high-order byte of the effective address (AB08 to AB15) is ADH and 
the low-order byte of the effective address (ABOO to AB07) is ADL. 

INDIRECT ADDRESS— The address found in the operand of instructions utilizing 

(Indirect), Y which contains the low-order byte of the base address. 
lAH and lAL represent the high- and low-order bytes, 

JUMP ADDRESS — The value to be loaded into Program Counter as a result of a 

Jump instruction. 
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A. 1. sin(;le-byte instructions 



ASL DEX NOP TAX TYA 

CLC DEY ROL TAY 

ROR 

CLI) INX SEC TSX 

CLI INY SED TXA 

CLV LSR SEI TXS 



These alngle-byte Instructions require two cycles to execute. During the 
second cycle the address of the next Instruction In program sequence will be 
placed on the address bus. However, the OP COUE which appears on the data bus 
during the second cycle will be Ignored. This same Instruction will be fetched 
on the following cycle, at which time it will ba decoded and executed. The ASL, 
ROL and LSR instructions apply to the accumulator mode of address. 



Tn Address Bus Data Bus R/W Comments 

TO PC OP CODE 1 Fetch OP CODE 

Tl PC + 1 OP CODE 1 

(Discarded) 

TO PC + 1 OP CODE 1 Next instruction 



A. 2, INTERNAL EXECUTION ON MEMORY DATA 

ADC CMP EOR LDY 

AND CPX LDA ORA 

BIT CPY LDX SBC 

The instructions listed above will execute by performing operations in- 
side the microprocessor using data fetched from the effective address^ This 
total operation requires three steps. The first step {one cycle) is the OP CODE 
fetch. The second (zero to four cycles) Is the calculation of an effective 
address. The final step is the fetching of the data from the effective address. 
Execution of the instruction takes place during the fetching and decoding of 
the next instruction. 
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A. 2.1, Immediate Addressing (2 Cycles) 



Tn 
TO 

Tl 
TO 



Ad dress Bus 
I'C 

PC + 1 
PC 4 2 



Data Bus 
or CODE 
Data 
OP CODE 



A. 2.2. Zero PaRe Addressing (3 Cycles) 



Tn 
TO 
Tl 
T2 
TO 



Add 



Bus 



Data Bus 



PC 

PC + 1 
00, ADL 
PC + 2 



OP CODE 
ADL 
Data 
OP CODE 



A. 2.3, Absolute Addressing (4 Cycles) 



Tn 



TO 
Tl 



Address Bus 
PC 

PC + I 



Data B us 

OP CODE 
ADL 



T2 



PC + 2 



ADH 



T3 
TO 



ADH, ADL 

PC + 3 



Data 
OP CODE 



A. 2, A. IiSdlrect, X Addressing (6 Cycles) 



Tn 
TO 
Tl 



Address Bus 
PC 

PC + 1 



Data Bus 
OP CODE 
BAL 



T2 



00, BAL 



Data 

(Discarded) 



T3 



00, BAL + X ADL 



T4 



r 



T5 

TO 



00, BAL + 

X + 1 

ADH, ADL 

PC + 2 



ADH 



Data 

OP CODE 



R 



R 



R 



U 



W 



w 



Conments 
Fetch or CODE 
Fetch Data 
Next Instruction 



Comments 
Fetch OP CODE 
Fetch Effective Address 
Fetch Data 
Next Instruction 



Cutnnients 

Fetch OP CODE 

Fetch Low-Order Effective 
Address Byte 

Fetch High-Order Effective 
Address Byte 

Fetch Data 

Next Instruction 



Comments 
Fetch OP CODE 

Fetch Page Zero Base 
Address 



Fetch Low-Order Byte of 
Effective Address 

Fetch High-Order Byte of 
Effective Address 

Fetch Data 

Next Instruction 
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A . 2.5. Absolute, X or Absolute, Y Addressing (A or 5 Cycles) 



Tn 
TO 
Tl 



T2 



T3 



T4* 



TO 



Address Bus 
PC 

PC + 1 



Data Bus 
OP CODE 
BAL 



PC + 2 



HAH 



ADL: BAI, + Data* 
Index Register 

ADH: BAH ■»- C 



ADL: BAI. + Data 
Index Register 



ADH: BAH + 1 
PC + 3 



OP CODE 



R/W 
1 
1 



1 



1 



I 



Contmcnts 
Fetch OP CODE 

Fetch Low-Order Byte of 
Base Address 

Ketch HlRh-Order Byte of 
Base Address 

Fetch Data (No Page Cross 
ing) 

Carry is or 1 as Re- 
quired from Previous Add 
Operation 

Fetch Data from Next Page 



* If tfic page boundary is crossed in 
fetched in T3 is ignored. If page 
cycle Is bypassed. 



1 

the iiid 
boundary 



Next Instruction 

Ing operation, the data 
is not crossed, the T4 



A. 2.6. Zero Page, X or Zero Page, Y Addressing Modes \4_ C 




Tn 
TO 
Tl 



T2 



T3 



Address Bus 
PC 

PC + 1 



00, BAL 



00. BAL + 
Index 

Register 



Data Bus 
OP CODE 
BAL 



Data 

(Discarded) 
Data 



R/W 
1 
1 



1 



1 



Comments 
Fetch OP CODE 

Fetch Page ^ero Base 
Address 



Fetch Data (No Page Cross 
ing) 



TO 



PC + 2 



OP CODE 



1 



Next Instruction 
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* 



A. 2,7. 



Ind irect, Y Addressing Mode (5 or 6 Cycles) 



In 
TO 
Tl 



T2 



T3 



T5* 



TO 



Address Bus 
PC 

PC + 1 



00, lAL 



00, lAL + 1 



ADH: BAH + 1 
PC 2 



Data Bus 

OP CODE 
lAL 



BAL 



BAH 



ADL: BAL + Y Data* 
ADH: BAK + C 



ADL: BAL + Y Data 



OP CODE 



R/W 
1 
1 



1 



1 



1 



Comments 
Fetch OP CODE 

Fetch Page Zero Indirect 
Address 

Fetch Low-Order Byte of 

Base Address 

Fetch Hlfih-Order Byte of 
Base Addres.i 

Fetch Data from Same Page 

Carry Is to 1 as Re- 
quired from Previous Add 
Operation 

Fetch Data from Next Page 



Next Instruction 



*lf page boundary is crossed in Indexing operation* the data fetch in 
TA is Ignored. If page boundary is not crossed, the T5 cycle is by- 
passed . 



A. 3, STORE OPERATIONS 

STA 

STX 

STY 

The specific steps taken in the Store Operations are very similar to 

those taken in the previous group (internal execution on memory data). However, 

in the Store Operation, the fetch of data is replaced by a WRITE (R/W = 0) 

cycle. No overlapping occurs and no shortening of the Instruction ti«e occurs 
on indexing operations. 



A. 3.1. Zero Page Addressing (3 Cycles) 



Tn 
TO 

Tl 



T2 



Address Bus 
PC 

PC + 1 



00, ADL 



Data Bus 

OP CODE 
ADL 



Data 



R/W 

1 
I 







Comments 

Fetch UP CODE 

Fetch Zero Page Effective 
Address 

Write Internal Register 
to Memory 



TO 



PC + 2 



OP CODE 



Next Instruction 
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A , 3.2. Absolute Addressing (4 Cycles) 



Address Uus 



Data Bus 



R/W 



Comments 



TO 



11 



T2 



T3 



TO 



PC + 1 



I'C + 2 



AUa, AUL 



PC + 3 



OP coDi: 



ADL 



ADH 



Data 



OP COIJE 



1 
J 



1 







I 



Fetch OP CUUK 

Felch Low-Order Byte of 
Effective Address 

Fetch lliRh-Order Byte of 
Kffectivc Address 

Write Internal Register 
to Memory 

Next instruction 



A. 3,3. Indirect^ X Addressing (6 Cycles) 



Tn 
TO 
Tl 



Address Bus 
PC 

PC + 1 



Data Bus 
OP COOK 
BAL 



K/W 
1 
1 



Comments 

Fetch OP COUK 

Fetch Page Zero Ba 

Address 



T2 



T3 



T4 



T5 



00, BAL 



00 . BAL + X 



00. BAL + 

X + 1 

ADH, ADL 



Data 

(Discarded) 
ADL 



ADH 



Data 



1 



1 







Fetch Low-Order Byte of 
Effective Address 

Fetch Hlgh-^rder Byte of 
Effective Address 

Write Internal Register 
to Memory 



TO 



PC + 2 



OP CODE 



1 



Next Instruction 



A. 3.4, Absolute, X or Absoiutet Y Addressing (5 Cycles) 



Tn 
TO 
Tl 



T2 



T3 



TA 



Address Bus 
PC 

PC + } 



PC + 2 



ADL: BAL + 

Tndex 
Register 

ADH: BAH + C 
ADH, ADL 



Data Bus 
OP CODE 
BAL 



BAU 



Dnta 

(Discarded) 



Data 



R/W 
1 
1 



1 



1 







Cerements 
Fetch OP CODE 

Fetch Low-Order Byte of 
Base Address 

Fetch High-Order Byte of 
Base Address 



Write Internal Register 
to Memory 



TO 



PC + 3 



OP CODE 



1 



Next Instruction 
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A. 3.5- Zero PaRC. X or Zero Page, Y Addressing Modes (4 Cycles) 



TO 



T2 



T3 



TO 



Address Bus 
PC 

PC + 1 



00, BAL 



ADL: BAL 
Index 

Register 
PC + 2 



Data Bus 
OP CODE 
BAL 



Data 

(Discarded) 
Data 



OP CODE 



R/W 
1 
1 



1 







Comments 
Fetch OP CODE 

Fetch Page Zero 
Address 



Write Internal Rcglst 
to Memory 



Next Instruction 



A . 3*6. Indirect, Y Addressing Mode (6 Cycles) 



Tn 

TO 
Tl 



T2 



T3 



T4 



T5 



TO 



Address B us 
PC 

PC + 1 



Data Bus 
OP CODE 
lAL 



00, lAL 



BAL 



00, lAL + 1 BAH 



ADL: BAL + Y Data 

(Discarded) 



ADH: BAH 
ADK, ADL 



Data 



PC + 2 



OP CODE 



R/W 
1 



1 



1 



1 







1 



Corarocnts 

Fetch OP CODE 

Fetch Page Zero Indirect 
Add 



Fetch Low-Order Byte of 
Base Address 

Fetch High-Order Byte of 
Base Address 



Write Internal Register 
to Memory 

Next Instruction 



A. 4 



READ — MODIFY — WRITE OPERATIONS 



A5L 

DEC 
INC 



LSR 
ROL 
ROR 



The Read — Modify — Write operations involve the loading of operands 
from the operand address » modification of the operand and the resulting modi- 



fied data being stored in the original location. 
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A. 4.1. Zero rage Addressing (5 Cycles)^ 



111 
TO 

Tl 



T2 
T3 



Address Bus 
PC 

PC -f 1 



00, ADL 
UO, ADL 
00. ADL 



Uaca bus 

OP CODK 
ADL 



Data 



Da t o 



TO 



PC + 2 



Modified 
Data 

OP CODE 



R/W 
J 
1 



1 





Cowme n t s 
Fetch OP CODE 

Fetch Page Zero Effective 
Add ress 

Ketch Data 



1 



Write Modified Data Back 
into Memory 

Next Inst rue t ion 



A - A * 2 . Absolute Addressing (6 Cycles) 



Tn 
TO 
Tl 



T2 



Address Bus 
PC 

PC + 1 



PC + 2 



Data Bus 

OP CODE 
ADL 



ADU 



R/W 
1 



1 



Cotwncnts 

Fetch OP CODE 

Fetch Low-Order Byte of 
Effective Address 

Fetch HiRh-Order Byte of 
Effective Address 



T3 
T4 
T5 



T(9 



ADH. ADL 
ADH, ADL 
ADH, ADL 



PC + 3 



Data 
Data 

Modified 
Data 

OP CODE 



1 





1 



Write Modified Data Back 
into Meinory 

Next Instruction 



A * A . 3 . Ze ro Page, X Addressing (6 Cycles) 



Tn 
TO 



Tl 



Address Bus 
PC 

PC + 1 



Data Bus 
OP CODE 
BAL 



R/W 
1 
1 



Continents 

Fetch OP CODE 

Fetch Page Zero Base 
Address 



T2 



T3 



TA 



T5 



19 



00, BAL 



ADL: BAL + X 
(Without 

Carry) 

ADL: BAL -f X 

(Without 

Carry) 

ADL: BAL + X 
(Without 

Carry) 
PC 2 



Data 

(Discarded 
Data 



Data 



Modified 
Data 



OP CODE 
A-9 



1 



1 











Fetch Data 



Write Modified Data Back 
Into Memory 



Next Instruction 



A* 4.4, Absolute, X Addressing (7 Cycles) 



Tn 
TO 
Tl 



T2 



Address Bus 
PC 

PC + 1 



PC + 2 



Data Bus 
OP CODE 
BAL 



BAH 



R/W 



1 



Coraments 
Fetch OP CODE 

Fetch Ij^w-Order Byte of 
Base Address 

Ketch High-Order Byte of 
Rase Address 



TJ 



ADL; BAL + X 



Data 

(Discarded) 



1 



T4 



T5 
T6 



TO 



ADH: BAH + C 

ADL: BAL + X 

ADH: BAH + C 

ADH, ADL 

ADH, ADL 



PC + 3 



Data 



Data 

Modified 
Data 

OP CODE 



1 











1 



Fetch Data 



Urlte Modified Data Back 
into Memory 

New Ins t rue t ion 



A. 5. 



MISCELLANEOUS OPERATIONS 



BCC 

BCS 
BEQ 

BMl 

BNE 

BPL 



BRK 
BVC 
BVS 
JMP 
JSR 
PHA 



PHP 
PLA 
PLP 
RTX 
RTS 



A- 5.1. Push Operation — PHP, PHA (3 Cycles) 



Tn 
TO 
Tl 



T2 



TO 



Address Bus 
PC 

PC + 1 



PC + 1 



Data Bus 
OP CODE 
OP CODE 

(Discarded) 



Stack Pointer* Data 



OP CODE 



R/W 



1 







1 



Comments 
Fetch OP CODE 



Write tnternai Register 
into Stack 

Next Instruction 



♦Hereafter referred to as "Stack Ptr, 



I* 
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A. 5.2. Pull Operations PLP, PLA (4 Cy cles) 



Tn AdJress Bus Uata Bus R/W 

TO PC OP CODK 1 

Ti PC + 1 UP CODi: 1 

(Discarded) 

T2 Stack Ptr. Data 1 

(Discarded) 

T3 Stack PLr. + 1 U;ita 1 

10 PC + I CP C01>K 1 

A. 5.3. Jump to Subroutine — JSR (6 Cycles) 

Tn Address Bus Data Bus R/W 

TO PC OP CODE 1 

Tl PC + 1 ADL 1 

12 Stack Ptr. Data 1 

(Discarded) 

13 Stack Ptr. PCH 

14 Stack Ptr. - 1 PCL 
T5 PC + 2 ADH 1 

TO Subroutine OP CODE 1 

Address (ADII* 
ADL) 



Ketch OP CODE 



Fetcti Djta from Stack 
Next Instruction 



Comments 

Fetch OP CODK 

Petcl* Low'Order Byte of 
Subrout ine Add cess 

Push High-Order Byte of 
Prograw Counter to Stack 

Push Low-Order Byte of 
Program Counter to Stack 

Fetch High-Order Byte of 
Subroutine Address 



All 



A . 5 * ^ . Break Operation — (Hardware Interrupt)-BRK (7 Cycles) 



Tn 
TO 



Tl 



T2 



T3 



T5 



T6 



TO 



Address Bus 
PC 



PC + 1 
(PC on Hard 
ware Inter- 
rupt) 

Stack Ptr, 



FFFE 
(NMl 

FFFF 
(NMl 
(RES 



FFFA) 
FFFC) 



FFFB) 
FFFD) 



Data Bus 

OP CODE 



Data 

(Discarded) 



PCH 



Stack Ptr. - 1 PCI 



Stack Ptr, - 2 P 



ADL 



ADH 



Interrupt Vec- OP CODE 
tor (ADH, ADL) 



R/W 
} 



1 



□ 











1 



1 



1 



C omme n t s 

Fetch HRK OP CODE (or 
Force BRK) 



Push High-Order Byte of 
Program Counter to Stack 

Push Low-Order Byte of 
Program Counter to Stack 

Push Status Register to 
Stack 

Fetch l^w-Order Byte of 
Interrupt Vector 



Fetch High Order Byte of 
Interrupt Vector 



Next Inst rue L ion 



A. 3.5, Return from Interrupt — RTI (6 Cycles) 



Tn 


Address Bus 




Data Bus 


R/W 


Commcn t s 


TO 


PC 




OP CODE 


1 


Fetch OP CODE 


Tl 


PC + 1 




Data 

(Discarded) 


1 




T2 


Stack Ptr. 




Data 

(Discarded) 


1 




T3 


Stack Ptr. + 


1 


Data 


1 


Pull P from Stack 


TA 


Stack Ptr. + 


2 


Data 


1 


Pull PCL from Stack 


T5 


Stack Ptr. + 


3 


Data 


1 


Pull PCH from Stack 


TO 


PCH. PCL 




OP CODE 


1 


Next Ins t rue t ion 
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A. 5.6. Jump Operation — JMF 

A. 5.6.1* Absolute Addressing Kode (3 Cycles) 

Tn Address Bus Data Bus R/W 

TO PC OP CODK 1 

Ti PC + X ADL 1 

T2 PC + 2 ADll 1 

TO ADH, ADL OP CODE 1 

A. 5. 6. 2. Indirect AddresslnR Mode (5 Cycles) 

Tn Address Bus Data Bus R/W 

TO PC OP CODE 1 

Tl PC + 1 lAL 1 

T2 PC + 2 lAH 1 

T3 lAH. lAL ADL 1 

T6 lAH, iAL + 1 ADH 1 

rO ADH, ADL OP CODE 1 

A. 5.7. Return frow S ubroutine — RTS (6 Cycles) 

Tn Address Bus Data Bus R/W 

TO PC OP CODE 1 

Tl PC + 1 Data 1 

(Discarded) 

T2 Stack Ptr. Data 1 

(Discarded) 

T3 Stack Ptr. + 1 PCL 1 

T^ Stack Ptr. + 2 PCH 1 

T5 PCH, PCL (from Data i 

Stack) (Discarded) 

TO PCH, PCL +1 OP CODE 1 



Comncnts 
Fetch OP CODE 

Fetch Low-Order Byte of 
.lump Address 

Fetch High-Order Byte of 
Jump Address 

Next Instruction 



Comme nts 

Fetch OP CODE 

Fetch Low-Order Byte of 
Indirect Address 

Fetch High-Order Byte of 
Indirect Address 

Fetch Low-Order Byte of 
Jump Address 

Fetch HiRh-Order Byte of 
Jump Address 

Next Instruction 



Comments 
Fetch OP CODE 



Pull PCL from Stack 
Pull PCH from Stack 

Next Instruction 
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A * 5.8. Bran ch Operation — BC C, BCS, B EQ, BMI, BNE> BPL. BVC . BVS (2 , 3. or 

Cycjes ) 



Tn 



Address Bus 



Data Bus 



R/W 



Comments 



TO 

Tl 

12* 



T3** 



PC + 1 

PC + 2 + 
Offset (w/o) 

Carry) 



PC + 2 
Offset 

Carry) 



+ 

(with 



OP CODE 
Offset 

OP CODE 



OJ* COOK 



1 



1 



Fetch OP CODE 

Fetch Branch Offset 

Offset Added to Program 
Counter 



Carry Added 



*Sklp if branch not taken. 

**Skip If branch not taken; skip if branch operation does not cross page 
boundary . 
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